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 ﾠ
In	 ﾠthe	 ﾠsearch	 ﾠfor	 ﾠnew	 ﾠtreatments	 ﾠfor	 ﾠtoday’s	 ﾠailments,	 ﾠnatural	 ﾠproducts	 ﾠare	 ﾠa	 ﾠcommonly	 ﾠused	 ﾠ
starting	 ﾠtemplate.	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠmolecules	 ﾠoften	 ﾠshow	 ﾠhighly	 ﾠspecialized	 ﾠactivities,	 ﾠthey	 ﾠare	 ﾠnot	 ﾠ
necessarily	 ﾠgood	 ﾠdrugs.	 ﾠMedicinal	 ﾠchemists	 ﾠaim	 ﾠto	 ﾠretain	 ﾠand	 ﾠimprove	 ﾠupon	 ﾠtheir	 ﾠtherapeutic	 ﾠ
activities,	 ﾠwhile	 ﾠmaximising	 ﾠtheir	 ﾠpharmacokinetic	 ﾠproperties	 ﾠin	 ﾠan	 ﾠattempt	 ﾠto	 ﾠdeliver	 ﾠeffective	 ﾠ
bioactive	 ﾠmolecules	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠOur	 ﾠresearch	 ﾠhas	 ﾠfocused	 ﾠlargely	 ﾠon	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠnatural	 ﾠproducts	 ﾠ
or	 ﾠ natural	 ﾠ product	 ﾠ like	 ﾠ molecules	 ﾠ in	 ﾠ the	 ﾠ areas	 ﾠ of	 ﾠ synthetic	 ﾠ methodology,	 ﾠ total	 ﾠ synthesis	 ﾠ and	 ﾠ
medicinal	 ﾠchemistry.	 ﾠ
	 ﾠ
Herein	 ﾠis	 ﾠreported	 ﾠthe	 ﾠuse	 ﾠof	 ﾠiminium	 ﾠions	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠstructurally	 ﾠcomplex,	 ﾠbiologically	 ﾠ
active	 ﾠmolecules.	 ﾠ	 ﾠFirstly,	 ﾠwe	 ﾠreport	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠ“reagent-ﾭ‐free”	 ﾠapproach	 ﾠfor	 ﾠthe	 ﾠgeneration	 ﾠof	 ﾠN-ﾭ‐
acyliminium	 ﾠ ions	 ﾠ in	 ﾠ situ,	 ﾠ that	 ﾠ has	 ﾠ been	 ﾠ applied	 ﾠ to	 ﾠ α-ﾭ‐amidoalkylation	 ﾠ reactions;	 ﾠ matching	 ﾠand	 ﾠ
improving	 ﾠupon	 ﾠestablished	 ﾠliterature	 ﾠprecedent	 ﾠfor	 ﾠthese	 ﾠreactions	 ﾠin	 ﾠboth	 ﾠreaction	 ﾠyield	 ﾠand	 ﾠ
time	 ﾠwhen	 ﾠused	 ﾠin	 ﾠconjunction	 ﾠwith	 ﾠμW	 ﾠirradiation.	 ﾠ	 ﾠSecondly,	 ﾠwe	 ﾠreport	 ﾠthe	 ﾠapplication	 ﾠof	 ﾠa	 ﾠ
Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠapproach	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠfive	 ﾠnaturally	 ﾠoccurring	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐
c]quinolines:	 ﾠ marinoquinolines	 ﾠ A,	 ﾠ B,	 ﾠ C,	 ﾠ E	 ﾠ and	 ﾠ aplidiopsamine	 ﾠ A.	 ﾠ	 ﾠWe	 ﾠ believe	 ﾠ our	 ﾠ synthetic	 ﾠ
approach	 ﾠ to	 ﾠ be	 ﾠ the	 ﾠ most	 ﾠ robust	 ﾠ towards	 ﾠ these	 ﾠ compounds	 ﾠ reported	 ﾠ to	 ﾠ date,	 ﾠ since	 ﾠ the	 ﾠ best	 ﾠ
compromise	 ﾠbetween	 ﾠapplication	 ﾠscope,	 ﾠnumber	 ﾠof	 ﾠsteps	 ﾠand	 ﾠoverall	 ﾠyield	 ﾠis	 ﾠafforded.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠ
we	 ﾠ have	 ﾠ prepared	 ﾠ a	 ﾠ small	 ﾠ library	 ﾠ of	 ﾠ synthetic	 ﾠ pyrroloquinoline	 ﾠ analogues,	 ﾠ which	 ﾠ have	 ﾠ been	 ﾠ  ii	 ﾠ
subjected	 ﾠ to	 ﾠ cell-ﾭ‐based	 ﾠ assays	 ﾠ for	 ﾠ their	 ﾠ cytotoxicity,	 ﾠ and	 ﾠ evaluation	 ﾠ against	 ﾠ a	 ﾠ selection	 ﾠ of	 ﾠ
microbial	 ﾠ pathogens.	 ﾠ	 ﾠThe	 ﾠ results	 ﾠ of	 ﾠ these	 ﾠ assays	 ﾠ have	 ﾠ revealed	 ﾠ the	 ﾠ interesting	 ﾠ activity	 ﾠ of	 ﾠ a	 ﾠ
thieno[2,3-ﾭ‐c]quinoline,	 ﾠwhich	 ﾠmay	 ﾠwarrant	 ﾠfurther	 ﾠinvestigation.	 ﾠ	 ﾠLastly,	 ﾠwe	 ﾠhave	 ﾠinvestigated	 ﾠthe	 ﾠ
potential	 ﾠfor	 ﾠa	 ﾠPd(0)	 ﾠmediated	 ﾠallylative	 ﾠalkylation/iminium	 ﾠion	 ﾠcyclization	 ﾠcascade	 ﾠreported	 ﾠby	 ﾠ
Tamaru	 ﾠet	 ﾠal.	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠnatural	 ﾠproducts.	 ﾠ	 ﾠAs	 ﾠa	 ﾠresult	 ﾠof	 ﾠthese	 ﾠ
investigations,	 ﾠwe	 ﾠhave	 ﾠlearned	 ﾠboth	 ﾠsteric	 ﾠand	 ﾠelectronic	 ﾠfactors	 ﾠare	 ﾠimportant	 ﾠin	 ﾠthe	 ﾠprogress	 ﾠof	 ﾠ
this	 ﾠreaction,	 ﾠwhich	 ﾠmay	 ﾠlimit	 ﾠthe	 ﾠapplication	 ﾠof	 ﾠthis	 ﾠapproach	 ﾠtoward	 ﾠnatural	 ﾠproducts	 ﾠin	 ﾠthis	 ﾠ
class,	 ﾠdespite	 ﾠthe	 ﾠexcellent	 ﾠinherent	 ﾠstereocontrol	 ﾠafforded.	 ﾠ	 ﾠDespite	 ﾠthis,	 ﾠthese	 ﾠnatural	 ﾠproducts	 ﾠ
remain	 ﾠ an	 ﾠ attractive	 ﾠ target	 ﾠ to	 ﾠ synthetic	 ﾠ chemists,	 ﾠ and	 ﾠ we	 ﾠ propose	 ﾠ alternative	 ﾠ approaches	 ﾠ to	 ﾠ
these	 ﾠmolecules.	 ﾠ
	 ﾠ 	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Chapter	 ﾠ1	 ﾠ
REAGENT-ﾭ‐FREE	 ﾠN-ﾭ‐ACYLIMINIUM	 ﾠION	 ﾠCHEMISTRY	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Application	 ﾠto	 ﾠIntramolecular	 ﾠand	 ﾠIntermolecular	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
	 ﾠ
1.	 ﾠIntroduction	 ﾠ
N-ﾭ‐Alkyliminium	 ﾠ(iminium)	 ﾠion	 ﾠchemistry	 ﾠhas,	 ﾠfor	 ﾠover	 ﾠ100	 ﾠyears,	 ﾠbeen	 ﾠused	 ﾠvery	 ﾠsuccessfully	 ﾠin	 ﾠ
carbon-ﾭ‐carbon	 ﾠbond	 ﾠforming	 ﾠreactions	 ﾠand	 ﾠremains	 ﾠimportant	 ﾠin	 ﾠorganic	 ﾠchemistry.	 ﾠ	 ﾠOf	 ﾠcourse,	 ﾠ
reactions	 ﾠinvolving	 ﾠiminium	 ﾠions	 ﾠhave	 ﾠundergone	 ﾠsignificant	 ﾠdevelopments	 ﾠsince	 ﾠPictet,	 ﾠSpengler	 ﾠ
and	 ﾠMannich	 ﾠfirst	 ﾠdescribed	 ﾠtheir	 ﾠrespective	 ﾠreactions.
1,2	 ﾠOne	 ﾠsuch	 ﾠdevelopment	 ﾠwas	 ﾠfirst	 ﾠnoted	 ﾠin	 ﾠ
the	 ﾠ1950’s.
3	 ﾠIt	 ﾠwas	 ﾠfound	 ﾠthat	 ﾠan	 ﾠN-ﾭ‐acylated	 ﾠiminium	 ﾠion	 ﾠ–	 ﾠthe	 ﾠso-ﾭ‐called	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠ–	 ﾠin	 ﾠ
which	 ﾠthe	 ﾠacyl	 ﾠgroup	 ﾠwithdraws	 ﾠelectron	 ﾠdensity	 ﾠfrom	 ﾠthe	 ﾠiminium	 ﾠbond	 ﾠand	 ﾠrenders	 ﾠthe	 ﾠcarbon	 ﾠ
centre	 ﾠeven	 ﾠmore	 ﾠelectrophilic	 ﾠand	 ﾠconsequently,	 ﾠmore	 ﾠreactive	 ﾠthan	 ﾠthe	 ﾠequivalent	 ﾠiminium	 ﾠion.
4	 ﾠ
As	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠthis	 ﾠincreased	 ﾠelectrophilicity,	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠnucleophiles	 ﾠfailing	 ﾠto	 ﾠ
trap	 ﾠ an	 ﾠ iminium	 ﾠ ion	 ﾠ can	 ﾠ successfully	 ﾠ react	 ﾠ with	 ﾠ an	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion
5	 ﾠ in	 ﾠ so	 ﾠ called	 ﾠ α-ﾭ‐
amidoalkylation	 ﾠreactions.	 ﾠ
	 ﾠ
Scheme	 ﾠ1.	 ﾠComparison	 ﾠof	 ﾠα-ﾭ‐amidoalkylation	 ﾠcyclizations	 ﾠfrom	 ﾠiminium	 ﾠand	 ﾠN-ﾭ‐acyliminium	 ﾠions.	 ﾠ
	 ﾠ
A	 ﾠkey	 ﾠexample	 ﾠof	 ﾠthe	 ﾠenhanced	 ﾠreactivity	 ﾠof	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠagainst	 ﾠthe	 ﾠiminium	 ﾠion	 ﾠcan	 ﾠbe	 ﾠ
seen	 ﾠ in	 ﾠ Belleau’s	 ﾠ hexahydroapoerysotrine	 ﾠ synthesis,	 ﾠ where	 ﾠ an	 ﾠ α-ﾭ‐amidoalkylation	 ﾠ approach	 ﾠ
involving	 ﾠ an	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ intermediate	 ﾠ succeeded	 ﾠ where	 ﾠ an	 ﾠ iminium	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ
approach	 ﾠfailed	 ﾠ(Scheme	 ﾠ2).
4	 ﾠBelleau	 ﾠreasoned	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Spengler	 ﾠapproach	 ﾠwas	 ﾠ
due	 ﾠto	 ﾠthe	 ﾠsensitivity	 ﾠof	 ﾠthis	 ﾠreaction	 ﾠto	 ﾠsteric	 ﾠcrowding	 ﾠat	 ﾠthe	 ﾠcarbocationic	 ﾠcentre.	 ﾠ	 ﾠPerhaps	 ﾠthis	 ﾠ
is	 ﾠdue	 ﾠto	 ﾠthe	 ﾠrelative	 ﾠelectronic	 ﾠstability	 ﾠof	 ﾠ3
o	 ﾠcations	 ﾠcompared	 ﾠwith	 ﾠ1
o	 ﾠand	 ﾠ2
o	 ﾠones.	 ﾠ	 ﾠConversely,	 ﾠ
the	 ﾠcarbocationic	 ﾠresonance	 ﾠstructure	 ﾠof	 ﾠ8	 ﾠis	 ﾠeven	 ﾠless	 ﾠstable	 ﾠgiven	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠcarbonyl,	 ﾠ
which	 ﾠexplains	 ﾠthe	 ﾠincreased	 ﾠreactivity.
4	 ﾠNevertheless,	 ﾠwe	 ﾠcannot	 ﾠrule	 ﾠout	 ﾠthe	 ﾠconformational	 ﾠ
effects,	 ﾠwhich	 ﾠmay	 ﾠcontribute	 ﾠto	 ﾠthe	 ﾠsuccess	 ﾠin	 ﾠcyclization	 ﾠof	 ﾠ7	 ﾠto	 ﾠ9.	 ﾠ
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 ﾠ
Scheme	 ﾠ2.	 ﾠThe	 ﾠfate	 ﾠof	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylation	 ﾠof	 ﾠiminium	 ﾠ6	 ﾠand	 ﾠN-ﾭ‐acyliminium	 ﾠ8.	 ﾠ
*Although	 ﾠthe	 ﾠauthor	 ﾠclaims	 ﾠ“various	 ﾠconditions”	 ﾠwere	 ﾠperformed,	 ﾠno	 ﾠsuch	 ﾠconditions	 ﾠare	 ﾠ
reported	 ﾠin	 ﾠthe	 ﾠpaper.	 ﾠ
	 ﾠ
There	 ﾠ have	 ﾠ been	 ﾠ many	 ﾠ excellent	 ﾠ reviews	 ﾠ of	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ chemistry	 ﾠ reported	 ﾠ in	 ﾠ the	 ﾠ
literature.
5–12	 ﾠ We	 ﾠ are	 ﾠ interested	 ﾠ generally	 ﾠ in	 ﾠ the	 ﾠ application	 ﾠ of	 ﾠN-ﾭ‐acyliminium	 ﾠ ions	 ﾠ in	 ﾠ organic	 ﾠ
synthesis.	 ﾠ 	 ﾠ One	 ﾠ of	 ﾠ the	 ﾠ key	 ﾠ areas	 ﾠ of	 ﾠ their	 ﾠ application	 ﾠ is	 ﾠ in	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ alkaloids	 ﾠ such	 ﾠ as	 ﾠ
tetrahydroisoquinoline	 ﾠderivatives.	 ﾠ	 ﾠHere,	 ﾠwe	 ﾠwill	 ﾠintroduce	 ﾠthis	 ﾠfamily	 ﾠof	 ﾠalkaloids,	 ﾠoffer	 ﾠa	 ﾠbroad	 ﾠ
coverage	 ﾠof	 ﾠboth	 ﾠthe	 ﾠmethods	 ﾠof	 ﾠforming	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursors	 ﾠand	 ﾠtheir	 ﾠsubsequent	 ﾠ
application	 ﾠ to	 ﾠ α-ﾭ‐amidoalkylations	 ﾠ and	 ﾠ describe	 ﾠ alternative	 ﾠ approaches	 ﾠ to	 ﾠ these	 ﾠ alkaloids.	 ﾠ	 ﾠ
Additionally,	 ﾠ we	 ﾠ will	 ﾠ touch	 ﾠ upon	 ﾠ the	 ﾠ exciting	 ﾠ new	 ﾠ area	 ﾠ of	 ﾠ “reagent-ﾭ‐free”	 ﾠ chemistry	 ﾠ and	 ﾠ the	 ﾠ
possible	 ﾠapplication	 ﾠof	 ﾠthis	 ﾠconcept	 ﾠto	 ﾠα-ﾭ‐amidoalkylations	 ﾠvia	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠintermediates	 ﾠfor	 ﾠ
the	 ﾠfirst	 ﾠtime.	 ﾠ
	 ﾠ
1.1.	 ﾠTetrahydroisoquinoline	 ﾠand	 ﾠβ-ﾭ‐Carboline	 ﾠAlkaloids	 ﾠ
Many	 ﾠ alkaloids	 ﾠ belonging	 ﾠ to	 ﾠ this	 ﾠ subset	 ﾠ of	 ﾠ isoquinoline	 ﾠ alkaloids	 ﾠ have	 ﾠ been	 ﾠ isolated,	 ﾠ some	 ﾠ
examples	 ﾠof	 ﾠwhich	 ﾠare	 ﾠprovided	 ﾠin	 ﾠfigure	 ﾠ1.	 ﾠ	 ﾠDue	 ﾠto	 ﾠthe	 ﾠhuge	 ﾠnumber	 ﾠof	 ﾠavailable	 ﾠtargets	 ﾠand	 ﾠtheir	 ﾠ
interesting	 ﾠbiological	 ﾠproperties,	 ﾠthey	 ﾠare	 ﾠa	 ﾠsource	 ﾠof	 ﾠfocus	 ﾠof	 ﾠmany	 ﾠtotal	 ﾠsynthesis	 ﾠand	 ﾠmedicinal	 ﾠ
chemistry	 ﾠgroups.	 ﾠ	 ﾠTo	 ﾠdate,	 ﾠthere	 ﾠare	 ﾠcurrently	 ﾠmore	 ﾠthan	 ﾠ50	 ﾠisolated	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠsuperfamily	 ﾠ
of	 ﾠtetrahydroisoquinolines	 ﾠfrom	 ﾠnatural	 ﾠsources,
13	 ﾠmany	 ﾠof	 ﾠwhich	 ﾠoffer	 ﾠbiological	 ﾠactivity	 ﾠwhich	 ﾠ
collectively	 ﾠspans	 ﾠa	 ﾠbroad	 ﾠspectrum	 ﾠof	 ﾠhuman	 ﾠailments.	 ﾠ
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Figure	 ﾠ1.	 ﾠSome	 ﾠtetrahydroisoquinoline	 ﾠand	 ﾠβ-ﾭ‐carboline	 ﾠalkaloids.	 ﾠ
	 ﾠ
1.1.1.	 ﾠBiological	 ﾠImportance	 ﾠ
Currently,	 ﾠthere	 ﾠis	 ﾠonly	 ﾠone	 ﾠcommercially	 ﾠmarketed	 ﾠtetrahydroquinoline	 ﾠalkaloid	 ﾠ–	 ﾠtrabectedin;	 ﾠ
which	 ﾠis	 ﾠused	 ﾠfor	 ﾠthe	 ﾠtreatment	 ﾠof	 ﾠsoft-ﾭ‐tissue	 ﾠcarcinoma,	 ﾠhaving	 ﾠshown	 ﾠgreater	 ﾠpotency	 ﾠthan	 ﾠtaxol,	 ﾠ
and	 ﾠis	 ﾠcurrently	 ﾠin	 ﾠPhase	 ﾠII/III	 ﾠtrials	 ﾠfor	 ﾠuse	 ﾠin	 ﾠother	 ﾠcancers	 ﾠ(figure	 ﾠ2).
14	 ﾠ
	 ﾠ
Of	 ﾠthe	 ﾠknown	 ﾠthetrahydroisoquinolines,	 ﾠlemonomycin	 ﾠ(Streptomyces	 ﾠcandidus),	 ﾠisolated	 ﾠfrom	 ﾠa	 ﾠ
fermentation	 ﾠ broth	 ﾠ in	 ﾠ 1964	 ﾠ has	 ﾠ broad-ﾭ‐spectrum	 ﾠ antimicrobial	 ﾠ activity.
15	 ﾠ Crispine	 ﾠ A	 ﾠ (Carduus	 ﾠ
crispus),	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠto	 ﾠhave	 ﾠcytotoxic	 ﾠactivity,	 ﾠwhile	 ﾠthe	 ﾠβ-ﾭ‐carboline	 ﾠharmicine	 ﾠ(Kophia	 ﾠ
griffithii)	 ﾠhas	 ﾠshown	 ﾠpotent	 ﾠactivity	 ﾠagainst	 ﾠleishmaniasis.
16,17	 ﾠMeanwhile,	 ﾠjamtine	 ﾠhas	 ﾠbeen	 ﾠfound	 ﾠ
to	 ﾠexhibit	 ﾠnotable	 ﾠantihyperglycaemic	 ﾠactivity.
18	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Figure	 ﾠ2.	 ﾠTrabectedin	 ﾠ
	 ﾠ
1.2.	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠChemistry	 ﾠ
1.2.1.	 ﾠMethods	 ﾠof	 ﾠPreparation:	 ﾠApproaches	 ﾠTowards	 ﾠCyclic	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠPrecursors	 ﾠ
There	 ﾠare	 ﾠseveral	 ﾠapproaches	 ﾠtowards	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠreported	 ﾠin	 ﾠthe	 ﾠ
literature.	 ﾠ	 ﾠA	 ﾠdescription	 ﾠand	 ﾠliterature	 ﾠexample	 ﾠof	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠexamples	 ﾠare	 ﾠprovided	 ﾠ
vide	 ﾠinfra,	 ﾠand	 ﾠin	 ﾠscheme	 ﾠ3.	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠall	 ﾠmethods	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠgeneration	 ﾠ
involve	 ﾠacidic	 ﾠconditions.	 ﾠ
	 ﾠ
Scheme	 ﾠ3.	 ﾠGeneral	 ﾠapproaches	 ﾠto	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursors.	 ﾠ
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 ﾠ
1.2.1.1.	 ﾠReduction	 ﾠof	 ﾠCyclic	 ﾠImides	 ﾠ
The	 ﾠreduction	 ﾠof	 ﾠcyclic	 ﾠimides	 ﾠis	 ﾠa	 ﾠcommon	 ﾠapproach,	 ﾠparticularly	 ﾠin	 ﾠmethodology	 ﾠstudies	 ﾠof	 ﾠN-ﾭ‐
acyliminium	 ﾠion	 ﾠchemistry	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠlow	 ﾠcost	 ﾠof	 ﾠstarting	 ﾠmaterials.	 ﾠ	 ﾠN-ﾭ‐Alkylated	 ﾠphthalimide,	 ﾠ
succinimide	 ﾠand	 ﾠmaleimide	 ﾠcan	 ﾠbe	 ﾠreadily	 ﾠreduced	 ﾠto	 ﾠtheir	 ﾠcorresponding	 ﾠhydroxy	 ﾠlactams,	 ﾠand	 ﾠ
further	 ﾠconverted	 ﾠto	 ﾠthe	 ﾠcorresponding	 ﾠN,O-ﾭ‐acetoxy	 ﾠlactams	 ﾠif	 ﾠdesired	 ﾠ(scheme	 ﾠ4).
19,20	 ﾠ
	 ﾠ
Scheme	 ﾠ4.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠcyclic	 ﾠimides.	 ﾠ
	 ﾠ
1.2.1.2.	 ﾠAlkylation	 ﾠof	 ﾠCyclic	 ﾠImides	 ﾠ
In	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠcyclic	 ﾠimides,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠGrignard	 ﾠreagents	 ﾠand	 ﾠorganolithium	 ﾠsalts	 ﾠ
have	 ﾠbeen	 ﾠused	 ﾠto	 ﾠform	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursors.	 ﾠ	 ﾠAgain,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠphthalimide,	 ﾠsuccinimide	 ﾠ
and	 ﾠmaleimide	 ﾠare	 ﾠa	 ﾠconvenient	 ﾠsource	 ﾠof	 ﾠthe	 ﾠrequired	 ﾠimide	 ﾠfunctionality.	 ﾠ	 ﾠInterestingly,	 ﾠthe	 ﾠ
more	 ﾠsterically	 ﾠhindered	 ﾠcarbonyl	 ﾠis	 ﾠsubstituted	 ﾠin	 ﾠsuch	 ﾠconditions	 ﾠas	 ﾠHuang	 ﾠshowed	 ﾠ(Scheme	 ﾠ5).
21	 ﾠ
This	 ﾠis	 ﾠattributed	 ﾠby	 ﾠthe	 ﾠauthors	 ﾠto	 ﾠa	 ﾠso-ﾭ‐called	 ﾠcomplex	 ﾠinduced	 ﾠproximity	 ﾠeffect	 ﾠ(CIPE)
22	 ﾠand	 ﾠ
Speckamp’s	 ﾠ reasoning	 ﾠ of	 ﾠ least-ﾭ‐hindered	 ﾠ approach	 ﾠ upon	 ﾠ observing	 ﾠ the	 ﾠ same	 ﾠ phenomenon	 ﾠ in	 ﾠ
NaBH4	 ﾠreduction	 ﾠof	 ﾠgem-ﾭ‐disubstituted	 ﾠsuccinimides.
23	 ﾠ
	 ﾠ
Scheme	 ﾠ5.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠalkylation	 ﾠof	 ﾠcyclic	 ﾠimides.	 ﾠ
	 ﾠ
1.2.1.3.	 ﾠCondensation	 ﾠof	 ﾠAmides	 ﾠonto	 ﾠAldehydes	 ﾠand	 ﾠKetones	 ﾠ
Intramolecular	 ﾠcondensation	 ﾠof	 ﾠamides	 ﾠwith	 ﾠaldehydes/ketones	 ﾠis	 ﾠan	 ﾠefficient	 ﾠapproach	 ﾠto	 ﾠα-ﾭ‐
hydroxy	 ﾠlactams.	 ﾠ	 ﾠCondensation	 ﾠof	 ﾠamides	 ﾠonto	 ﾠketones	 ﾠrequires	 ﾠacidic	 ﾠactivation,	 ﾠand	 ﾠit	 ﾠis	 ﾠoften	 ﾠ
convenient	 ﾠ to	 ﾠ prepare	 ﾠ these	 ﾠ precursors	 ﾠ in	 ﾠ situ	 ﾠ and	 ﾠ subsequently	 ﾠ perform	 ﾠ α-ﾭ‐amidoalkylations	 ﾠ
N
O
O
N
O
OR2
29 30 R2 = H
31 R2 = Ac
LiBHEt3
CH2Cl2,
-78 oC
Ac2O, DMAP,
CH2Cl2
N
O
O
R1 N
O
HO
R1
32
THF,
-78 oC
R2
R2MgBr
33
BnO BnO	 ﾠ 6	 ﾠ
directly.
4,5,24	 ﾠCondensation	 ﾠof	 ﾠamides	 ﾠonto	 ﾠaldehydes	 ﾠcan	 ﾠproceed	 ﾠunder	 ﾠneutral	 ﾠconditions,	 ﾠand	 ﾠ
the	 ﾠ intermediate	 ﾠ hydroxy	 ﾠ lactam	 ﾠ often	 ﾠ can	 ﾠ be	 ﾠ isolated,	 ﾠ as	 ﾠ in	 ﾠ Woodward’s	 ﾠ synthesis	 ﾠ of	 ﾠ
isolongistrobine	 ﾠ(scheme	 ﾠ6).
25	 ﾠ
	 ﾠ
Scheme	 ﾠ6.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠintramolecular	 ﾠcondensation	 ﾠof	 ﾠamides	 ﾠonto	 ﾠ
aldehydes.	 ﾠ
	 ﾠ
1.2.1.4.	 ﾠAnodic	 ﾠOxidation	 ﾠof	 ﾠPyrrolidine	 ﾠand	 ﾠPiperidine	 ﾠN-ﾭ‐Carbamates	 ﾠ
Shono	 ﾠ reported	 ﾠ the	 ﾠ first	 ﾠ electrochemical	 ﾠ α-ﾭ‐oxidations	 ﾠ of	 ﾠ pyrrolidine	 ﾠ and	 ﾠ piperidine	 ﾠ N-ﾭ‐
carbamates.
26–28	 ﾠThe	 ﾠdirect	 ﾠoxidation	 ﾠproduct	 ﾠof	 ﾠthis	 ﾠapproach	 ﾠis	 ﾠthe	 ﾠcorresponding	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion,	 ﾠwhich	 ﾠis	 ﾠconveniently	 ﾠtrapped	 ﾠby	 ﾠMeOH	 ﾠas	 ﾠthe	 ﾠsolvent	 ﾠto	 ﾠafford	 ﾠthe	 ﾠα-ﾭ‐alkoxy	 ﾠcarbamate	 ﾠas	 ﾠ
the	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠ(scheme	 ﾠ7).	 ﾠ	 ﾠThis	 ﾠarea	 ﾠhas	 ﾠrecently	 ﾠbeen	 ﾠfurther	 ﾠexplored	 ﾠand	 ﾠwill	 ﾠ
be	 ﾠdiscussed	 ﾠin	 ﾠgreater	 ﾠdetail	 ﾠvide	 ﾠinfra.	 ﾠ
	 ﾠ
Scheme	 ﾠ7.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠelectrochemical	 ﾠoxidation	 ﾠof	 ﾠpyrrolidine	 ﾠand	 ﾠ
piperidine	 ﾠN-ﾭ‐carbamates.	 ﾠ
	 ﾠ
1.2.1.5.	 ﾠChemical	 ﾠOxidation	 ﾠof	 ﾠSaturated	 ﾠN-ﾭ‐Acyl	 ﾠHeterocycles	 ﾠ
Murahashi	 ﾠ has	 ﾠ shown	 ﾠ ruthenium-ﾭ‐catalyzed	 ﾠ reaction	 ﾠ of	 ﾠ alkyl	 ﾠ peroxides	 ﾠ to	 ﾠ efficiently	 ﾠ oxidise	 ﾠ
carbamates	 ﾠof	 ﾠtype	 ﾠ38	 ﾠand	 ﾠlactams	 ﾠof	 ﾠtype	 ﾠ40	 ﾠto	 ﾠtheir	 ﾠcorresponding	 ﾠα-ﾭ‐peroxy	 ﾠanalogues	 ﾠ39	 ﾠand	 ﾠ
41	 ﾠrespectively	 ﾠ(scheme	 ﾠ8).
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Scheme	 ﾠ8.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠruthenium-ﾭ‐catalysed	 ﾠchemical	 ﾠoxidation	 ﾠof	 ﾠ
carbamates.	 ﾠ
	 ﾠ
1.2.2.	 ﾠMethods	 ﾠof	 ﾠPreparation:	 ﾠApproaches	 ﾠTowards	 ﾠAcyclic	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠPrecursors	 ﾠ
1.2.2.1.	 ﾠReduction	 ﾠof	 ﾠAcyclic	 ﾠImides	 ﾠ
It	 ﾠis	 ﾠinteresting	 ﾠto	 ﾠnote,	 ﾠdespite	 ﾠthe	 ﾠsuccess	 ﾠof	 ﾠNaBH4	 ﾠin	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠcyclic	 ﾠimides,	 ﾠonly	 ﾠmore	 ﾠ
reactive	 ﾠhydride	 ﾠsources,	 ﾠsuch	 ﾠas	 ﾠDIBAL-ﾭ‐H	 ﾠare	 ﾠsuitable	 ﾠfor	 ﾠthe	 ﾠdesired	 ﾠpartial	 ﾠreduction	 ﾠof	 ﾠacyclic	 ﾠ
imides.
30,31	 ﾠThe	 ﾠresulting	 ﾠα-ﾭ‐hydroxy	 ﾠcarbamates	 ﾠare	 ﾠsurprisingly	 ﾠstable	 ﾠand	 ﾠcan	 ﾠbe	 ﾠstored	 ﾠat	 ﾠrt	 ﾠfor	 ﾠ
months.
30	 ﾠIf	 ﾠso	 ﾠdesired,	 ﾠthe	 ﾠα-ﾭ‐hydroxy	 ﾠcarbamates	 ﾠcan	 ﾠbe	 ﾠtrapped	 ﾠas	 ﾠthe	 ﾠcorresponding	 ﾠN,O-ﾭ‐
acetal	 ﾠsilyl	 ﾠethers	 ﾠwhich	 ﾠare	 ﾠamenable	 ﾠto	 ﾠflash	 ﾠcolumn	 ﾠchromatography	 ﾠ(scheme	 ﾠ9).
31	 ﾠ
	 ﾠ
Scheme	 ﾠ9.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠacyclic	 ﾠimides.	 ﾠ
	 ﾠ
1.2.2.2.	 ﾠCondensation	 ﾠof	 ﾠAmides	 ﾠupon	 ﾠAldehydes	 ﾠ
One	 ﾠapproach	 ﾠtowards	 ﾠα-ﾭ‐hydroxy	 ﾠamides	 ﾠis	 ﾠthe	 ﾠcondensation	 ﾠof	 ﾠprimary	 ﾠamides	 ﾠonto	 ﾠaldehydes.	 ﾠ	 ﾠ
In	 ﾠaffording	 ﾠmore	 ﾠstable	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursors,	 ﾠthese	 ﾠreactions	 ﾠcan	 ﾠbe	 ﾠperformed	 ﾠin	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠbenzenesulfinic	 ﾠacid	 ﾠto	 ﾠafford	 ﾠα-ﾭ‐sulfonyl	 ﾠamides	 ﾠand	 ﾠcarbamates,
32,33	 ﾠbenzotriazole	 ﾠto	 ﾠ
afford	 ﾠ α-ﾭ‐benzotriazole	 ﾠ amides	 ﾠ and	 ﾠ carbamates
34	 ﾠ and	 ﾠ thiols	 ﾠ to	 ﾠ afford	 ﾠ α-ﾭ‐alkylthio	 ﾠ amides	 ﾠ and	 ﾠ
carbamates.
35,36	 ﾠScheme	 ﾠ10	 ﾠdepicts	 ﾠthe	 ﾠlatter.	 ﾠ
	 ﾠ
Scheme	 ﾠ10.	 ﾠN-ﾭ‐acyliminium	 ﾠprecursor	 ﾠfrom	 ﾠthe	 ﾠcondensation	 ﾠof	 ﾠprimary	 ﾠamides	 ﾠwith	 ﾠaldehydes.	 ﾠ
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1.2.2.3.	 ﾠAnodic	 ﾠOxidation	 ﾠof	 ﾠAcyclic	 ﾠCarbamates	 ﾠ
Shono,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠoxidations	 ﾠof	 ﾠcyclic	 ﾠcarbamates	 ﾠdiscussed	 ﾠin	 ﾠsection	 ﾠ1.2.1.4,	 ﾠalso	 ﾠhad	 ﾠ
success	 ﾠin	 ﾠacyclic	 ﾠsystems	 ﾠ(scheme	 ﾠ11).	 ﾠ
	 ﾠ
Scheme	 ﾠ11.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠelectrochemical	 ﾠoxidation	 ﾠof	 ﾠacyclic	 ﾠcarbamates.	 ﾠ
	 ﾠ
1.2.2.4.	 ﾠChemical	 ﾠOxidation	 ﾠof	 ﾠAmides	 ﾠand	 ﾠCarbamates	 ﾠ
There	 ﾠhas	 ﾠbeen	 ﾠa	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠwork	 ﾠreported	 ﾠon	 ﾠthe	 ﾠchemical	 ﾠoxidation	 ﾠof	 ﾠamines	 ﾠto	 ﾠtheir	 ﾠα-ﾭ‐oxy	 ﾠ
amines	 ﾠdue	 ﾠto	 ﾠthe	 ﾠinterest	 ﾠin	 ﾠbiomimetic	 ﾠoxidations.
37–39	 ﾠRecently,	 ﾠthis	 ﾠwork	 ﾠhas	 ﾠbeen	 ﾠextended	 ﾠto	 ﾠ
the	 ﾠα-ﾭ‐oxidation	 ﾠof	 ﾠamides	 ﾠand	 ﾠcarbamates	 ﾠwith	 ﾠIOAc,	 ﾠmediated	 ﾠby	 ﾠcatalytic	 ﾠpalladium	 ﾠto	 ﾠafford	 ﾠN-ﾭ‐
acyliminium	 ﾠion	 ﾠprecursors	 ﾠin	 ﾠexcellent	 ﾠyield.
40	 ﾠOne	 ﾠsuch	 ﾠexample	 ﾠis	 ﾠprovided	 ﾠin	 ﾠscheme	 ﾠ12,	 ﾠwhere	 ﾠ
substrates	 ﾠof	 ﾠtype	 ﾠ51	 ﾠcan	 ﾠundergo	 ﾠoxidation	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠcatalytic	 ﾠamounts	 ﾠof	 ﾠPd(II)	 ﾠsalts	 ﾠvia	 ﾠ
a	 ﾠC-ﾭ‐H	 ﾠinsertion	 ﾠmechanism.	 ﾠ
	 ﾠ
Scheme	 ﾠ12.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠpalladium-ﾭ‐catalyzed	 ﾠα-ﾭ‐oxidation	 ﾠof	 ﾠamides	 ﾠand	 ﾠ
carbamates.	 ﾠ
	 ﾠ
1.2.2.5.	 ﾠN-ﾭ‐Acylation	 ﾠof	 ﾠImines	 ﾠ
The	 ﾠN-ﾭ‐acylation	 ﾠof	 ﾠimines	 ﾠwith	 ﾠacyl	 ﾠchlorides	 ﾠaffords	 ﾠthe	 ﾠcorresponding	 ﾠα-ﾭ‐chloro	 ﾠamide	 ﾠas	 ﾠan	 ﾠN-ﾭ‐
acyliminium	 ﾠion	 ﾠprecursor.	 ﾠ	 ﾠScheme	 ﾠ13	 ﾠdepicts	 ﾠone	 ﾠsuch	 ﾠimine	 ﾠacylation,	 ﾠto	 ﾠafford	 ﾠthe	 ﾠα-ﾭ‐chloro	 ﾠ
amide	 ﾠin	 ﾠsitu	 ﾠfor	 ﾠsubsequent	 ﾠα-ﾭ‐amidoalkylation.
41	 ﾠ
	 ﾠ
Scheme	 ﾠ13.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠprecursor	 ﾠfrom	 ﾠN-ﾭ‐acylation	 ﾠof	 ﾠimines	 ﾠwith	 ﾠacyl	 ﾠchlorides.	 ﾠ
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1.2.3.	 ﾠScope	 ﾠand	 ﾠApplication	 ﾠof	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠChemistry:	 ﾠIntramolecular	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
Perhaps	 ﾠone	 ﾠof	 ﾠthe	 ﾠmost	 ﾠpowerful	 ﾠapplications	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry	 ﾠis	 ﾠits	 ﾠapplication	 ﾠto	 ﾠ
intramolecular	 ﾠcyclizations	 ﾠfor	 ﾠthe	 ﾠconstruction	 ﾠof	 ﾠfused	 ﾠheterocyclic	 ﾠsystems.	 ﾠ	 ﾠThese	 ﾠreactions	 ﾠ
are	 ﾠparticularly	 ﾠuseful,	 ﾠgiven	 ﾠthey	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠemployed	 ﾠto	 ﾠaccess	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠnatural	 ﾠ
products	 ﾠcontaining	 ﾠnitrogen	 ﾠheterocycles,	 ﾠsuch	 ﾠas	 ﾠisoquinolines	 ﾠand	 ﾠβ-ﾭ‐carbolines.	 ﾠ	 ﾠHere,	 ﾠrecent	 ﾠ
applications	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠfrom	 ﾠ2005-ﾭ‐present.	 ﾠ
	 ﾠ
1.2.3.1.	 ﾠBrønsted	 ﾠAcid	 ﾠPromotion	 ﾠ
Grigg	 ﾠ et	 ﾠ al.	 ﾠ utilised	 ﾠ Sonogashira	 ﾠ mediated	 ﾠ indole/benzofuran	 ﾠ synthesis	 ﾠ via	 ﾠ a	 ﾠ Larock-ﾭ‐type	 ﾠ
annulation,	 ﾠfollowed	 ﾠby	 ﾠTsOH	 ﾠpromoted	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠcyclizations	 ﾠbetween	 ﾠvarious	 ﾠhydroxy	 ﾠ
lactams	 ﾠand	 ﾠindole/benzofuran	 ﾠtrapping	 ﾠagents	 ﾠto	 ﾠafford	 ﾠa	 ﾠseries	 ﾠof	 ﾠtetra	 ﾠand	 ﾠpentacyclic	 ﾠsystems,	 ﾠ
with	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠstep	 ﾠyielding	 ﾠ57-ﾭ‐77%	 ﾠ(see	 ﾠscheme	 ﾠ14).
42	 ﾠ
	 ﾠ
Scheme	 ﾠ14.	 ﾠIntramolecular	 ﾠα-ﾭ‐amidoalkylations	 ﾠwith	 ﾠhydroxy	 ﾠlactams	 ﾠand	 ﾠindole/benzofurans.	 ﾠ
	 ﾠ
Cincinelli	 ﾠet	 ﾠal.	 ﾠunintentionally	 ﾠdiscovered	 ﾠa	 ﾠroute	 ﾠtowards	 ﾠtetracyclic	 ﾠpyrrolizinoindolones	 ﾠwhen	 ﾠ
investigating	 ﾠFriedel-ﾭ‐Crafts	 ﾠreactions	 ﾠto	 ﾠafford	 ﾠβ-ﾭ‐carbolinones.	 ﾠ	 ﾠAn	 ﾠintramolecular	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion	 ﾠformation,	 ﾠfollowed	 ﾠby	 ﾠan	 ﾠintramolecular	 ﾠtrapping	 ﾠwith	 ﾠthe	 ﾠindole	 ﾠafforded	 ﾠthe	 ﾠtetracycle.
43	 ﾠ
The	 ﾠmore	 ﾠimpressive	 ﾠreactions	 ﾠwere	 ﾠseen	 ﾠwith	 ﾠa	 ﾠlarger	 ﾠring	 ﾠsize	 ﾠ(n>1)	 ﾠand	 ﾠan	 ﾠelectron-ﾭ‐donating	 ﾠ
group	 ﾠat	 ﾠR3	 ﾠ(scheme	 ﾠ15).	 ﾠ
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Scheme	 ﾠ15.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠformation	 ﾠand	 ﾠring	 ﾠclosure	 ﾠby	 ﾠthe	 ﾠintramolecular	 ﾠcondensation	 ﾠof	 ﾠ
an	 ﾠamide	 ﾠand	 ﾠketone	 ﾠand	 ﾠtrapping	 ﾠwith	 ﾠindole.	 ﾠ
	 ﾠ
Dixon	 ﾠet	 ﾠal.	 ﾠused	 ﾠBINOL-ﾭ‐derived	 ﾠphosphoric	 ﾠacids	 ﾠto	 ﾠinduce	 ﾠenantio	 ﾠand	 ﾠdiastereoselectivities	 ﾠin	 ﾠ
an	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠmediated	 ﾠα-ﾭ‐amidoalkylation.
44	 ﾠExcellent	 ﾠde,	 ﾠmoderate	 ﾠto	 ﾠexcellent	 ﾠchemical	 ﾠ
yield	 ﾠand	 ﾠgood	 ﾠto	 ﾠexcellent	 ﾠee	 ﾠwere	 ﾠpossible	 ﾠin	 ﾠa	 ﾠdiverse	 ﾠselection	 ﾠof	 ﾠ15	 ﾠexamples,	 ﾠas	 ﾠdepicted	 ﾠin	 ﾠ
scheme	 ﾠ16.	 ﾠ
	 ﾠ
Scheme	 ﾠ16.	 ﾠBINOL	 ﾠderived	 ﾠphosphoric	 ﾠacids	 ﾠcatalyse	 ﾠasymmetric	 ﾠα-ﾭ‐amidoalkylations	 ﾠof	 ﾠN-ﾭ‐
acyliminium	 ﾠions.	 ﾠ
	 ﾠ
Preparing	 ﾠ similar	 ﾠ β-ﾭ‐carbolines	 ﾠ to	 ﾠ that	 ﾠ prepared	 ﾠ by	 ﾠ Dixon,	 ﾠ an	 ﾠ RCM/isomerization/α-ﾭ‐
amidoalkylation	 ﾠdomino	 ﾠcascade	 ﾠwas	 ﾠsuccessfully	 ﾠapplied	 ﾠby	 ﾠYou	 ﾠet	 ﾠal.	 ﾠrecently,	 ﾠutilising	 ﾠa	 ﾠsimilar	 ﾠ
chiral	 ﾠphosphoric	 ﾠacid	 ﾠto	 ﾠafford	 ﾠβ-ﾭ‐carbolines	 ﾠin	 ﾠexcellent	 ﾠyield	 ﾠwith	 ﾠmoderate	 ﾠto	 ﾠexcellent	 ﾠee’s	 ﾠ
observed.
45	 ﾠThe	 ﾠchiral	 ﾠacid	 ﾠafforded	 ﾠa	 ﾠchiral	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠpair	 ﾠvia	 ﾠa	 ﾠseries	 ﾠof	 ﾠisomerizations,	 ﾠ
and	 ﾠafforded	 ﾠthe	 ﾠnatural	 ﾠalkaloid	 ﾠharmicine	 ﾠ(scheme	 ﾠ17).	 ﾠ
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Scheme	 ﾠ17.	 ﾠRCM/isomerization/α-ﾭ‐amidoalkylation	 ﾠcascade	 ﾠto	 ﾠafford	 ﾠan	 ﾠenantioselective	 ﾠapproach	 ﾠ
towards	 ﾠβ-ﾭ‐carbolines.	 ﾠ
	 ﾠ
1.3.3.2.	 ﾠLewis	 ﾠAcid	 ﾠPromotion	 ﾠ
Using	 ﾠ some	 ﾠ of	 ﾠ the	 ﾠ same	 ﾠ substrates	 ﾠ vide	 ﾠ infra,	 ﾠ Dalla	 ﾠ et	 ﾠ al.	 ﾠ reported	 ﾠ the	 ﾠ application	 ﾠ of	 ﾠ a	 ﾠ
“superacidic”	 ﾠSn(NTf2)4	 ﾠLewis	 ﾠacid	 ﾠfor	 ﾠthe	 ﾠsuccessful	 ﾠintramolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠcyclizations	 ﾠ
of	 ﾠa	 ﾠseries	 ﾠof	 ﾠphthalimide	 ﾠand	 ﾠsuccinimide	 ﾠderived	 ﾠα-ﾭ‐hydroxy	 ﾠlactams	 ﾠin	 ﾠexcellent	 ﾠyield	 ﾠ(scheme	 ﾠ
18).
46	 ﾠ
	 ﾠ
Scheme	 ﾠ18.	 ﾠ	 ﾠIntramolecular	 ﾠα-ﾭ‐amidoalkylation	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠfacilitated	 ﾠby	 ﾠSn(NTf2)4.	 ﾠ
	 ﾠ
Yamada	 ﾠ et	 ﾠ al.	 ﾠ recently	 ﾠ published	 ﾠ their	 ﾠ research	 ﾠ into	 ﾠ stereoselective	 ﾠ N-ﾭ‐acyliminium	 ﾠ ions	 ﾠ with	 ﾠ
impressive	 ﾠdiastereomeric	 ﾠcontrol	 ﾠpromoted	 ﾠby	 ﾠthe	 ﾠLewis	 ﾠacid	 ﾠTMSOTf.
47	 ﾠWith	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠchiral	 ﾠ
group	 ﾠon	 ﾠthe	 ﾠlinker	 ﾠbetween	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠand	 ﾠthe	 ﾠpendant	 ﾠnucleophile,	 ﾠde	 ﾠvalues	 ﾠof	 ﾠ83-ﾭ‐
99%	 ﾠ for	 ﾠ the	 ﾠ formation	 ﾠ of	 ﾠ 5	 ﾠ membered	 ﾠ rings	 ﾠ and	 ﾠ a	 ﾠ de	 ﾠ of	 ﾠ 78%-ﾭ‐>99%	 ﾠ for	 ﾠ the	 ﾠ formation	 ﾠ of	 ﾠ 6	 ﾠ
membered	 ﾠ rings	 ﾠ were	 ﾠ achieved.	 ﾠ 	 ﾠ This	 ﾠ is	 ﾠ a	 ﾠ nice	 ﾠ example	 ﾠ of	 ﾠ good	 ﾠ to	 ﾠ excellent	 ﾠ diastereomeric	 ﾠ
control	 ﾠof	 ﾠthe	 ﾠnewly	 ﾠformed	 ﾠchiral	 ﾠcentre	 ﾠ(scheme	 ﾠ19).	 ﾠ
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Scheme	 ﾠ19.	 ﾠDiastereoselective	 ﾠintramolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠcyclizations	 ﾠfacilitated	 ﾠby	 ﾠ
TMSOTf.	 ﾠ
	 ﾠ
Jacobsen	 ﾠet	 ﾠal.	 ﾠhave	 ﾠreported	 ﾠimpressive	 ﾠenantioselective	 ﾠα-ﾭ‐amidoalkylations	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion	 ﾠintermediates	 ﾠwith	 ﾠthe	 ﾠuse	 ﾠof	 ﾠAcCl	 ﾠor	 ﾠTMSCl	 ﾠand	 ﾠchiral	 ﾠthiourea	 ﾠorganocatalysts.
48,49	 ﾠThe	 ﾠorigin	 ﾠ
of	 ﾠasymmetric	 ﾠinduction	 ﾠcomes	 ﾠfrom	 ﾠthe	 ﾠabstraction	 ﾠof	 ﾠchloride	 ﾠfrom	 ﾠthe	 ﾠin	 ﾠsitu	 ﾠgenerated	 ﾠα-ﾭ‐
chlorolactam	 ﾠto	 ﾠform	 ﾠthe	 ﾠchiral	 ﾠion	 ﾠpair.	 ﾠ	 ﾠThe	 ﾠreactions,	 ﾠproceeding	 ﾠsmoothly	 ﾠat	 ﾠ≤-ﾭ‐30	 ﾠ
oC	 ﾠallow	 ﾠfor	 ﾠ
reasonable	 ﾠto	 ﾠexcellent	 ﾠee’s	 ﾠ(scheme	 ﾠ20).	 ﾠ	 ﾠThis	 ﾠprotocol	 ﾠwas	 ﾠalso	 ﾠextended	 ﾠto	 ﾠintermolecular	 ﾠ
reactions	 ﾠ(vide	 ﾠinfra).	 ﾠ
	 ﾠ
Scheme	 ﾠ20.	 ﾠAsymmetric	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylations	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠmediated	 ﾠby	 ﾠ
chiral	 ﾠthiourea	 ﾠorganocatalysts.	 ﾠ
	 ﾠ
Using	 ﾠAu(I)	 ﾠsalts,	 ﾠDixon	 ﾠet	 ﾠal.	 ﾠreported	 ﾠa	 ﾠcascade	 ﾠapproach	 ﾠto	 ﾠtricyclic	 ﾠlactams	 ﾠin	 ﾠgood	 ﾠto	 ﾠexcellent	 ﾠ
yield.
50	 ﾠThe	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 ﾠinvolved	 ﾠthe	 ﾠuse	 ﾠof	 ﾠan	 ﾠalkyne	 ﾠunit	 ﾠas	 ﾠa	 ﾠmasked	 ﾠketone,	 ﾠwhich	 ﾠunderwent	 ﾠ
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 ﾠ
intramolecular	 ﾠ reaction	 ﾠ with	 ﾠ a	 ﾠ pendent	 ﾠ acid	 ﾠ to	 ﾠ afford	 ﾠ the	 ﾠ corresponding	 ﾠ lactone.	 ﾠ This	 ﾠ was	 ﾠ
subsequently	 ﾠopened	 ﾠwith	 ﾠan	 ﾠexternal	 ﾠamine	 ﾠnucleophile.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠamide	 ﾠwas	 ﾠcondensed	 ﾠ
onto	 ﾠthe	 ﾠketone	 ﾠto	 ﾠafford	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion,	 ﾠwhich	 ﾠwas	 ﾠtrapped	 ﾠby	 ﾠa	 ﾠpendent	 ﾠnucleophile	 ﾠ
(scheme	 ﾠ21).	 ﾠ
	 ﾠ
Scheme	 ﾠ21.	 ﾠAu(I)	 ﾠpromoted	 ﾠcascade	 ﾠreaction	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠtricyclic	 ﾠlactams.	 ﾠ
	 ﾠ
Funk	 ﾠused	 ﾠSc(OTf)3	 ﾠ to	 ﾠinitiate	 ﾠa	 ﾠMichael	 ﾠaddition/N-ﾭ‐acyliminium	 ﾠion	 ﾠcyclization	 ﾠcascade	 ﾠin	 ﾠhis	 ﾠ
strategy	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠthe	 ﾠcore	 ﾠring	 ﾠstructure	 ﾠof	 ﾠnakadomarin	 ﾠA.
51	 ﾠThe	 ﾠmethodology	 ﾠ
was	 ﾠsuccessfully	 ﾠimplemented	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠthe	 ﾠmarine	 ﾠalkaloid,	 ﾠfour	 ﾠyears	 ﾠlater.
52	 ﾠThe	 ﾠ
cascade	 ﾠinvolves	 ﾠthe	 ﾠactivation	 ﾠof	 ﾠan	 ﾠα,β-ﾭ‐unsaturated	 ﾠ1,3-ﾭ‐dicarbonyl	 ﾠto	 ﾠafford	 ﾠthe	 ﾠintramolecular	 ﾠ
Michael	 ﾠadduct	 ﾠas	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠion.	 ﾠ	 ﾠSubsequent	 ﾠtrapping	 ﾠof	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠby	 ﾠthe	 ﾠ
pendent	 ﾠfuran	 ﾠafforded	 ﾠthe	 ﾠdesired	 ﾠtetracycle	 ﾠin	 ﾠexcellent	 ﾠyield	 ﾠ(scheme	 ﾠ22).	 ﾠ
	 ﾠ
Scheme	 ﾠ22.	 ﾠSc(OTf)3	 ﾠmediated	 ﾠMichael	 ﾠaddition/N-ﾭ‐acyliminium	 ﾠion	 ﾠformation/α-ﾭ‐amidoalkylation	 ﾠ
cascade.	 ﾠ
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1.2.4.	 ﾠScope	 ﾠand	 ﾠApplication	 ﾠof	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠChemistry:	 ﾠIntermolecular	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
1.2.4.1.	 ﾠBrønsted	 ﾠAcid	 ﾠPromotion	 ﾠ
The	 ﾠapplication	 ﾠof	 ﾠBrønsted	 ﾠacids	 ﾠto	 ﾠintermolecular	 ﾠα-ﾭ‐imidoalkylations	 ﾠis	 ﾠscarce,	 ﾠsince	 ﾠsensitive	 ﾠ
nucleophiles	 ﾠsuch	 ﾠas	 ﾠenol	 ﾠethers	 ﾠand	 ﾠalkyl	 ﾠsilanes	 ﾠare	 ﾠreadily	 ﾠdecomposed	 ﾠin	 ﾠprotic	 ﾠenvironments,	 ﾠ
where	 ﾠthe	 ﾠrate	 ﾠof	 ﾠdecomposition	 ﾠis	 ﾠoften	 ﾠgreater	 ﾠthan	 ﾠthe	 ﾠrate	 ﾠof	 ﾠα-ﾭ‐amidoalkylation.	 ﾠ	 ﾠ
	 ﾠ
1.2.4.2.	 ﾠLewis	 ﾠAcid	 ﾠPromotion	 ﾠ
In	 ﾠ the	 ﾠ majority	 ﾠ of	 ﾠ the	 ﾠ aforementioned	 ﾠ publications	 ﾠ of	 ﾠ Dalla	 ﾠ et	 ﾠ al.;	 ﾠ impressive	 ﾠ activity	 ﾠ of	 ﾠ a	 ﾠ
“superacidic”	 ﾠSn(NTf2)4	 ﾠcatalyst,	 ﾠwith	 ﾠvarious	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠsurrogates	 ﾠwas	 ﾠseen,	 ﾠundergoing	 ﾠ
intermolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠalkylations	 ﾠwith	 ﾠallyl	 ﾠsilanes	 ﾠand	 ﾠenol	 ﾠnucleophiles	 ﾠin	 ﾠ67-ﾭ‐>99%	 ﾠ
conversion	 ﾠwith	 ﾠ0.1-ﾭ‐1	 ﾠmol.	 ﾠ%	 ﾠSn(NTf2)4	 ﾠ(scheme	 ﾠ23).
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Scheme	 ﾠ23.	 ﾠIntermolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠreactions	 ﾠwith	 ﾠa	 ﾠseries	 ﾠof	 ﾠπ-ﾭ‐nucleophiles	 ﾠand	 ﾠα-ﾭ‐
hydroxy	 ﾠamides/lactams.	 ﾠ
	 ﾠ
Zheng	 ﾠ and	 ﾠ Huang	 ﾠ used	 ﾠ N-ﾭ‐acyliminium	 ﾠ ions	 ﾠ prepared	 ﾠ by	 ﾠ activation	 ﾠ of	 ﾠ N-ﾭ‐acyl-ﾭ‐N,O-ﾭ‐acetals	 ﾠ with	 ﾠ
BF3
.OEt2	 ﾠ to	 ﾠ access	 ﾠ cross-ﾭ‐coupled	 ﾠ products	 ﾠ from	 ﾠ their	 ﾠ reaction	 ﾠ with	 ﾠ α,β-ﾭ‐unsaturated	 ﾠ carbonyl	 ﾠ
compounds.
53	 ﾠ This	 ﾠ cross-ﾭ‐coupling	 ﾠ was	 ﾠ enabled	 ﾠ by	 ﾠ the	 ﾠ single-ﾭ‐electron	 ﾠ reduction	 ﾠ of	 ﾠ the	 ﾠ N-ﾭ‐
acyliminium	 ﾠ ion	 ﾠ with	 ﾠ SmI2	 ﾠ and	 ﾠ subsequent	 ﾠ intermolecular	 ﾠ radical	 ﾠ cascade	 ﾠ (scheme	 ﾠ 24).	 ﾠ 	 ﾠ This	 ﾠ
methodology	 ﾠ was	 ﾠ further	 ﾠ extended	 ﾠ to	 ﾠ the	 ﾠ total	 ﾠ synthesis	 ﾠ of	 ﾠ the	 ﾠ pyrrolizidine	 ﾠ alkaloid	 ﾠ (+)-ﾭ‐
xenovenine.	 ﾠ
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Scheme	 ﾠ24.	 ﾠSER/cross-ﾭ‐coupling	 ﾠcascade	 ﾠvia	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠintermediate.	 ﾠ
	 ﾠ
Bates	 ﾠand	 ﾠLu	 ﾠin	 ﾠtheir	 ﾠ2009	 ﾠpublication	 ﾠutilised	 ﾠTiCl4	 ﾠin	 ﾠtheir	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠepi-ﾭ‐porantheridine,	 ﾠ
trapping	 ﾠ the	 ﾠ more	 ﾠ stable	 ﾠ conformation	 ﾠ of	 ﾠ the	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ with	 ﾠ allyl	 ﾠ trimethylsilane	 ﾠ to	 ﾠ
afford	 ﾠthe	 ﾠkey	 ﾠpiperidine	 ﾠ99	 ﾠ(scheme	 ﾠ25).
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Scheme	 ﾠ25.	 ﾠIntermolecular	 ﾠα-ﾭ‐amidoalkylation	 ﾠof	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ
epi-ﾭ‐porantheridine.	 ﾠ
	 ﾠ
Jacobsen	 ﾠ et	 ﾠ al.	 ﾠ recently	 ﾠ reported	 ﾠ impressive	 ﾠ enantioselective	 ﾠ alkylations	 ﾠ of	 ﾠ N,O-ﾭ‐acetals	 ﾠ with	 ﾠ
indoles	 ﾠusing	 ﾠa	 ﾠchiral	 ﾠthiourea	 ﾠSchiff	 ﾠbase	 ﾠcatalyst	 ﾠ(scheme	 ﾠ26).
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Scheme	 ﾠ26.	 ﾠ	 ﾠJacobsen’s	 ﾠenantioselective	 ﾠα-ﾭ‐amidoalkylation	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions.	 ﾠ
	 ﾠ	 ﾠ
Another	 ﾠto	 ﾠtake	 ﾠadvantage	 ﾠof	 ﾠthe	 ﾠbroad	 ﾠreactivity	 ﾠof	 ﾠAu	 ﾠcatalysts	 ﾠwere	 ﾠDalla	 ﾠet	 ﾠal.,	 ﾠwho	 ﾠused	 ﾠa	 ﾠ
one-ﾭ‐pot	 ﾠ Au(I)/Au(III)	 ﾠ α-ﾭ‐amidoalkylation/carbocyclization	 ﾠ tandem	 ﾠ process	 ﾠ to	 ﾠ access	 ﾠ complex	 ﾠ
heterocycles	 ﾠin	 ﾠone	 ﾠstep,	 ﾠas	 ﾠdepicted	 ﾠin	 ﾠscheme	 ﾠ27.	 ﾠ
	 ﾠ
Scheme	 ﾠ27.	 ﾠCascade	 ﾠα-ﾭ‐amidoalkylation/carbacyclization	 ﾠinvolving	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠ
intermediate.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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1.3.	 ﾠNotable	 ﾠAlternative	 ﾠApproaches	 ﾠto	 ﾠTetrahydroisoquinoline	 ﾠDerivatives	 ﾠ
1.3.1.	 ﾠParham	 ﾠCyclization	 ﾠ
The	 ﾠ Parham	 ﾠ cyclization	 ﾠ proceeds	 ﾠ via	 ﾠ a	 ﾠ lithium-ﾭ‐halogen	 ﾠ exchange	 ﾠ and	 ﾠ subsequent	 ﾠ alkylation.	 ﾠ	 ﾠ
When	 ﾠapplied	 ﾠto	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠisoindoloquinolinone
45	 ﾠand	 ﾠisopyrroloquinolinone
46	 ﾠalkaloids,	 ﾠ
α-ﾭ‐hydroxylactams	 ﾠare	 ﾠafforded	 ﾠfrom	 ﾠthe	 ﾠcorresponding	 ﾠimides,	 ﾠas	 ﾠdepicted	 ﾠin	 ﾠscheme	 ﾠ28.	 ﾠ
	 ﾠ
Scheme	 ﾠ28.	 ﾠParham	 ﾠcyclization	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠisoindoloisoquinoline	 ﾠ112.
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1.3.2.	 ﾠIntramolecular	 ﾠalkyne	 ﾠ[2	 ﾠ+	 ﾠ2	 ﾠ+	 ﾠ2]	 ﾠCyclotrimerization	 ﾠ
Impressive	 ﾠ[2	 ﾠ+	 ﾠ2	 ﾠ+	 ﾠ2]	 ﾠreactions	 ﾠof	 ﾠα,ω-ﾭ‐diynes	 ﾠand	 ﾠterminal	 ﾠalkynes	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠbenzo-ﾭ‐
fused	 ﾠlactams	 ﾠand	 ﾠlactones	 ﾠhave	 ﾠbeen	 ﾠreported.	 ﾠ	 ﾠThe	 ﾠmethodology	 ﾠhas	 ﾠbeen	 ﾠdemonstrated	 ﾠby	 ﾠthe	 ﾠ
preparation	 ﾠof	 ﾠisoindoloisoquinoline	 ﾠ112	 ﾠ(scheme	 ﾠ29).
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Scheme	 ﾠ29.	 ﾠ[2	 ﾠ+	 ﾠ2	 ﾠ+	 ﾠ2]	 ﾠcyclotrimerization	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠisoindoloisoquinoline	 ﾠ112.	 ﾠ
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1.3.3.	 ﾠImide	 ﾠActivation/Cyclization	 ﾠ
Very	 ﾠrecently,	 ﾠBBr3	 ﾠand	 ﾠTfOH	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠact	 ﾠas	 ﾠLewis	 ﾠand	 ﾠBrønsted	 ﾠactivators	 ﾠof	 ﾠimides	 ﾠ
respectively,	 ﾠwhich	 ﾠhas	 ﾠbeen	 ﾠexploited	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠtetrahydroquinoline	 ﾠanalogues.
57	 ﾠ
The	 ﾠ reaction	 ﾠ outcome	 ﾠ may	 ﾠ be	 ﾠ comparable	 ﾠ to	 ﾠ that	 ﾠ of	 ﾠ the	 ﾠ Parham	 ﾠ cyclizations	 ﾠ and	 ﾠ can	 ﾠ be	 ﾠ
considered	 ﾠ to	 ﾠ be	 ﾠ both	 ﾠ atom	 ﾠ and	 ﾠ step	 ﾠ economy	 ﾠ improvements.	 ﾠ 	 ﾠ This	 ﾠ methodology	 ﾠ has	 ﾠ been	 ﾠ
successfully	 ﾠapplied	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠnuevamine	 ﾠwith	 ﾠgood	 ﾠregioselectivity,	 ﾠas	 ﾠdetermined	 ﾠby	 ﾠ
1H	 ﾠ
NMR	 ﾠspectroscopy	 ﾠ(scheme	 ﾠ30).	 ﾠ
	 ﾠ
Scheme	 ﾠ30.	 ﾠBrønsted	 ﾠacid-ﾭ‐assisted	 ﾠimide	 ﾠactivation	 ﾠfor	 ﾠthe	 ﾠregioselective	 ﾠsynthesis	 ﾠof	 ﾠnuevamine.	 ﾠ
	 ﾠ
1.3.4.	 ﾠChirality	 ﾠTransfer	 ﾠ
In	 ﾠan	 ﾠinteresting	 ﾠstereoselective	 ﾠapproach	 ﾠtowards	 ﾠtetrahydroisoquinolines,	 ﾠKawai	 ﾠused	 ﾠa	 ﾠ1,3-ﾭ‐
chirality	 ﾠ transfer	 ﾠ approach	 ﾠ during	 ﾠ a	 ﾠ Bi(OTf)3	 ﾠ catalyzed	 ﾠ amination.
58,59	 ﾠ In	 ﾠ demonstrating	 ﾠ this	 ﾠ
methodology,	 ﾠthree	 ﾠtetrahydroisoquinoline	 ﾠalkaloids	 ﾠwere	 ﾠprepared	 ﾠin	 ﾠreasonably	 ﾠgood	 ﾠee.
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Scheme	 ﾠ31.	 ﾠChirality	 ﾠtransfer	 ﾠapproach	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠtetrahydroisoquinolines.	 ﾠ
	 ﾠ
1.3.5.	 ﾠCo-ﾭ‐dimerization	 ﾠApproach	 ﾠ
A	 ﾠrecent	 ﾠpaper	 ﾠhas	 ﾠdescribed	 ﾠa	 ﾠruthenium-ﾭ‐catalyzed	 ﾠco-ﾭ‐dimerization	 ﾠof	 ﾠN-ﾭ‐acyl	 ﾠα-ﾭ‐arylenamines	 ﾠand	 ﾠ
acrylates,	 ﾠwhich	 ﾠthe	 ﾠauthors	 ﾠclaim	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠused	 ﾠto	 ﾠaccess	 ﾠα,β-ﾭ‐unsaturated	 ﾠγ-ﾭ‐amino	 ﾠesters,	 ﾠ
which	 ﾠare	 ﾠimportant	 ﾠmotifs	 ﾠin	 ﾠmany	 ﾠnatural	 ﾠproducts	 ﾠand	 ﾠtheir	 ﾠsynthetic	 ﾠprecursors	 ﾠ(scheme	 ﾠ32,	 ﾠ
eq.	 ﾠ (1).
61	 ﾠ In	 ﾠ addition,	 ﾠ this	 ﾠ methodology	 ﾠ can	 ﾠ also	 ﾠ be	 ﾠ applied	 ﾠ to	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ
tetrahydroisoquinolines	 ﾠ via	 ﾠ a	 ﾠ subsequent	 ﾠ base-ﾭ‐promoted	 ﾠ cyclization/alkylation	 ﾠ protocol,	 ﾠ as	 ﾠ
depicted	 ﾠin	 ﾠscheme	 ﾠ32	 ﾠeq.	 ﾠ(2).	 ﾠ
	 ﾠ
PivO
MeO
NHBoc
R1
118 (R) R1 = 
119 (S) R1 =
OH (97% ee)
OH (98% ee)
Bi(OTf)3, 4A-MS
CH2Cl2, -15 oC, 1h
PivO
MeO
NBoc
R1
120 (R) R1 = 
121 (S) R1 =
H (86% ee)
H (88% ee)
1. O3, PPh3, CH2Cl2,
-78-0 oC, 15 min
2. Ph3P=CHCO2Me, 30 min
3. Pd/C, H2, MeOH,
12 h, 87% (3 steps)
PivO
MeO
NBoc
R1
CO2Me
122 (R) R1 = 
123 (S) R1 =
H
H
1. TMSOTf,
CH2Cl2
2. Et3N, 42 h,
82% (2 steps)
PivO
MeO
N
O
H
BBr3, CH2Cl2,
10 min, 81%
PivO
MeO
N
O
H
124 (R)
125 (S)
BBr3, CH2Cl2,
10 min, 81%
1. LiAlH4, THF
2. TMSCHN2, MeOH
3. BBr3, CH2Cl2,
65% (3 steps)
HO
HO
N
O
H
126 (R)
HO
HO
N
H
127 (R)
HO
HO
N
O
H
128 (S)	 ﾠ 20	 ﾠ
	 ﾠ
Scheme	 ﾠ32.	 ﾠSynthesis	 ﾠof	 ﾠtetrahydroisoquinolines	 ﾠvia	 ﾠa	 ﾠruthenium-ﾭ‐mediated	 ﾠco-ﾭ‐dimerization	 ﾠ
approach.	 ﾠ
	 ﾠ
1.4.	 ﾠReagent-ﾭ‐Free	 ﾠChemistry	 ﾠ
There	 ﾠhave	 ﾠbeen	 ﾠrecent	 ﾠreports	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠof	 ﾠacid-ﾭ‐mediated	 ﾠprocesses	 ﾠproceeding	 ﾠwithout	 ﾠ
the	 ﾠuse	 ﾠof	 ﾠextraneous	 ﾠacid.	 ﾠ	 ﾠUsing	 ﾠa	 ﾠsolvent	 ﾠwith	 ﾠmild	 ﾠacidity	 ﾠand	 ﾠhigh	 ﾠpolarizing	 ﾠpower	 ﾠhas	 ﾠbeen	 ﾠ
shown	 ﾠ to	 ﾠ mediate	 ﾠ acid	 ﾠ promoted	 ﾠ reactions,	 ﾠ without	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ an	 ﾠ added	 ﾠ acid	 ﾠ reagent.
62	 ﾠ
Additionally,	 ﾠthe	 ﾠconcept	 ﾠof	 ﾠone-ﾭ‐pot	 ﾠtandem	 ﾠprocesses	 ﾠhave	 ﾠbeen	 ﾠutilised	 ﾠto	 ﾠallow	 ﾠnumerous	 ﾠ
steps	 ﾠto	 ﾠbe	 ﾠperformed	 ﾠin	 ﾠone	 ﾠreaction.	 ﾠ	 ﾠThis	 ﾠnot	 ﾠonly	 ﾠsaves	 ﾠon	 ﾠuse	 ﾠof	 ﾠreagents,	 ﾠbut	 ﾠalso	 ﾠnegates	 ﾠ
the	 ﾠrequirement	 ﾠfor	 ﾠpurification	 ﾠof	 ﾠreaction	 ﾠintermediates.	 ﾠ
	 ﾠ
Alkene	 ﾠRCM	 ﾠand	 ﾠcross-ﾭ‐metathesis	 ﾠare	 ﾠpowerful	 ﾠsynthetic	 ﾠtransformations.	 ﾠ	 ﾠThe	 ﾠuse	 ﾠof	 ﾠGrubbs	 ﾠ
catalysts	 ﾠhave	 ﾠfacilitated	 ﾠboth	 ﾠRCM	 ﾠand	 ﾠα-ﾭ‐amidoalkylation	 ﾠvia	 ﾠthe	 ﾠformation	 ﾠof	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion	 ﾠintermediate,	 ﾠpresumably	 ﾠ	 ﾠ(scheme	 ﾠ33).
63	 ﾠThis	 ﾠsame	 ﾠapproach	 ﾠwas	 ﾠrecently	 ﾠapplied	 ﾠby	 ﾠYou	 ﾠet	 ﾠ
al.	 ﾠwith	 ﾠsimilar	 ﾠsuccess.
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Scheme	 ﾠ33.	 ﾠTandem	 ﾠRCM/α-ﾭ‐amidoalkylation	 ﾠprocess.	 ﾠ
	 ﾠ
Alkylations	 ﾠof	 ﾠarenes	 ﾠwith	 ﾠepoxides	 ﾠvia	 ﾠFriedel-ﾭ‐Crafts	 ﾠtype	 ﾠreactions	 ﾠhave	 ﾠrecently	 ﾠbeen	 ﾠreported	 ﾠ
proceeding	 ﾠsmoothly	 ﾠto	 ﾠthe	 ﾠdesired	 ﾠchromanol’s	 ﾠin	 ﾠexcellent	 ﾠyield	 ﾠin	 ﾠ≤6	 ﾠh	 ﾠ(scheme	 ﾠ34).
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Scheme	 ﾠ34.	 ﾠHFIP	 ﾠmediated	 ﾠFriedel-ﾭ‐Crafts	 ﾠtype	 ﾠreaction	 ﾠof	 ﾠarenes	 ﾠand	 ﾠepoxides.	 ﾠ
	 ﾠ
In	 ﾠa	 ﾠnovel	 ﾠapproach,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠTFE	 ﾠand	 ﾠHFIP	 ﾠwas	 ﾠagain	 ﾠsuccessful	 ﾠin	 ﾠa	 ﾠreagent-ﾭ‐free	 ﾠcontext,	 ﾠ
enabling	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ8-ﾭ‐aminoquinolines	 ﾠand	 ﾠphenanthrolines	 ﾠin	 ﾠa	 ﾠthree-ﾭ‐component	 ﾠPovarov	 ﾠ
reaction	 ﾠof	 ﾠvarious	 ﾠaldehydes,	 ﾠanilines	 ﾠand	 ﾠvinyl	 ﾠethers	 ﾠ(scheme	 ﾠ35).
65	 ﾠIn	 ﾠthe	 ﾠlatter	 ﾠcase,	 ﾠaccess	 ﾠto	 ﾠ
symmetrical	 ﾠand	 ﾠunsymmetrical	 ﾠphenanthrolines	 ﾠis	 ﾠpossible.	 ﾠ	 ﾠ
	 ﾠ
Scheme	 ﾠ35.	 ﾠTFE	 ﾠmediated	 ﾠaminoquinolines	 ﾠand	 ﾠphenanthroline	 ﾠsynthesis.	 ﾠ
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Finally,	 ﾠ fluorinated	 ﾠ alcohols	 ﾠ facilitated	 ﾠ intermolecular	 ﾠ α-ﾭ‐alkylation	 ﾠ of	 ﾠ aldehydes	 ﾠ by	 ﾠ an	 ﾠ
organocatalyzed	 ﾠreaction.
66	 ﾠIn	 ﾠan	 ﾠextension	 ﾠof	 ﾠthe	 ﾠmethodology,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠchiral,	 ﾠproline	 ﾠderived	 ﾠ
organocatalysts	 ﾠwere	 ﾠemployed	 ﾠto	 ﾠfacilitate	 ﾠan	 ﾠasymmetric	 ﾠprotocol	 ﾠallowing	 ﾠfor	 ﾠmoderate	 ﾠto	 ﾠ
excellent	 ﾠyields	 ﾠand	 ﾠmoderate	 ﾠto	 ﾠexcellent	 ﾠee.	 ﾠ
	 ﾠ
Scheme	 ﾠ36.	 ﾠOrganocatalyzed,	 ﾠTFE	 ﾠfacilitated	 ﾠMannich	 ﾠreactions.	 ﾠ
	 ﾠ
1.5.	 ﾠAims	 ﾠof	 ﾠthe	 ﾠProject	 ﾠ
The	 ﾠapplication	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry	 ﾠhas	 ﾠa	 ﾠrich	 ﾠpast,	 ﾠand	 ﾠcontinues	 ﾠto	 ﾠbe	 ﾠused	 ﾠwith	 ﾠ
great	 ﾠsuccess	 ﾠin	 ﾠorganic	 ﾠchemistry.	 ﾠ	 ﾠRecently,	 ﾠthere	 ﾠhave	 ﾠbeen	 ﾠseveral	 ﾠreports	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠof	 ﾠ
acid-ﾭ‐mediated	 ﾠreactions	 ﾠproceeding	 ﾠunder	 ﾠconditions	 ﾠwe	 ﾠ describe	 ﾠas	 ﾠ“reagent-ﾭ‐free”.	 ﾠ 	 ﾠ That	 ﾠ is,	 ﾠ
reactions	 ﾠproceeding	 ﾠwithout	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠextraneous	 ﾠacid.
62,65,66	 ﾠWe	 ﾠintend	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠ
rarely	 ﾠexplored	 ﾠrealm	 ﾠof	 ﾠ“reagent-ﾭ‐free”	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry.	 ﾠ	 ﾠWe	 ﾠintend	 ﾠto	 ﾠuse	 ﾠhydroxy	 ﾠ
lactams	 ﾠ derived	 ﾠ from	 ﾠ phthalimide	 ﾠ and	 ﾠ succinimide,	 ﾠ and	 ﾠ will	 ﾠ initially	 ﾠ attempt	 ﾠ to	 ﾠ trap	 ﾠ N-ﾭ‐
acyliminium	 ﾠions	 ﾠwith	 ﾠelectron-ﾭ‐rich	 ﾠpendent	 ﾠarenes	 ﾠin	 ﾠintramolecular	 ﾠexperiments.	 ﾠ	 ﾠShould	 ﾠwe	 ﾠ
prove	 ﾠ successful,	 ﾠ a	 ﾠ broader	 ﾠ range	 ﾠ of	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ precursors	 ﾠ and	 ﾠ nucleophiles	 ﾠ will	 ﾠ be	 ﾠ
investigated,	 ﾠ along	 ﾠ with	 ﾠ intermolecular	 ﾠ reactions.	 ﾠ 	 ﾠ A	 ﾠ schematic	 ﾠ representation	 ﾠ of	 ﾠ our	 ﾠ initial	 ﾠ
approach	 ﾠtowards	 ﾠthe	 ﾠchemistry	 ﾠis	 ﾠprovided	 ﾠ(scheme	 ﾠ37).	 ﾠ
	 ﾠ
Scheme	 ﾠ37.	 ﾠ	 ﾠOutline	 ﾠof	 ﾠthe	 ﾠinitial	 ﾠaims	 ﾠof	 ﾠthe	 ﾠproject.	 ﾠ 	 ﾠ
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2.	 ﾠResults	 ﾠand	 ﾠDiscussion	 ﾠ
2.1.	 ﾠSynthesis	 ﾠof	 ﾠPrecursors	 ﾠ
Using	 ﾠ a	 ﾠ Gabriel	 ﾠ alkylation	 ﾠ protocol,	 ﾠ we	 ﾠ prepared	 ﾠ imides	 ﾠ 161-ﾭ‐163	 ﾠ (scheme	 ﾠ 38).	 ﾠ	 ﾠDue	 ﾠ to	 ﾠ the	 ﾠ
inherent	 ﾠlow	 ﾠreactivity	 ﾠof	 ﾠphthalimide	 ﾠand	 ﾠsuccinimide	 ﾠin	 ﾠthese	 ﾠconditions,	 ﾠthe	 ﾠreactions	 ﾠrequired	 ﾠ
to	 ﾠbe	 ﾠconducted	 ﾠfor	 ﾠat	 ﾠleast	 ﾠ48	 ﾠh	 ﾠfor	 ﾠa	 ﾠreasonable	 ﾠyield	 ﾠto	 ﾠbe	 ﾠachieved	 ﾠ(table	 ﾠ1).	 ﾠ
	 ﾠ
Scheme	 ﾠ38.	 ﾠGabriel	 ﾠreaction	 ﾠof	 ﾠphthalimide	 ﾠand	 ﾠsuccinimide	 ﾠwith	 ﾠalkyl	 ﾠbromides	 ﾠ157	 ﾠ&	 ﾠ158.	 ﾠ
	 ﾠ
Entry	 ﾠ
Imide	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
Bromide	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠproduct	 ﾠ(yield)	 ﾠ
1	 ﾠ Phthalimide	 ﾠ 157	 ﾠ
K2CO3	 ﾠ(1.8	 ﾠeq.),	 ﾠMeCN,	 ﾠ
82	 ﾠ
oC,	 ﾠ48	 ﾠh	 ﾠ 	 ﾠ
(39%)	 ﾠ
2	 ﾠ Phthalimide	 ﾠ 158	 ﾠ
K2CO3	 ﾠ(1.8	 ﾠeq.),	 ﾠMeCN,	 ﾠ
82	 ﾠ
oC,	 ﾠ48	 ﾠh	 ﾠ 	 ﾠ
(63%)	 ﾠ
3	 ﾠ Succinimide	 ﾠ 157	 ﾠ
K2CO3	 ﾠ(1.8	 ﾠeq.),	 ﾠMeCN,	 ﾠ
82	 ﾠ
oC,	 ﾠ46	 ﾠh	 ﾠ 	 ﾠ
(52%)	 ﾠ
Table	 ﾠ1.	 ﾠPreparation	 ﾠof	 ﾠimides	 ﾠ161-ﾭ‐163	 ﾠusing	 ﾠthe	 ﾠGabriel	 ﾠprotocol	 ﾠ
	 ﾠ
While	 ﾠworkup	 ﾠof	 ﾠthe	 ﾠGabriel	 ﾠreactions	 ﾠwas	 ﾠfacile,	 ﾠwe	 ﾠembarked	 ﾠupon	 ﾠa	 ﾠMitsunobu	 ﾠapproach	 ﾠ
(scheme	 ﾠ39),	 ﾠwhich	 ﾠwas	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠto	 ﾠbe	 ﾠfaster.
67	 ﾠOur	 ﾠexperiments	 ﾠconfirmed	 ﾠthis,	 ﾠ
with	 ﾠthe	 ﾠ Mitsunobu	 ﾠ conditions	 ﾠ affording	 ﾠ the	 ﾠ desired	 ﾠ imides	 ﾠ in	 ﾠ comparable	 ﾠconversion	 ﾠto	 ﾠthe	 ﾠ
Gabriel	 ﾠconditions	 ﾠin	 ﾠca.	 ﾠ4	 ﾠh,	 ﾠcompared	 ﾠto	 ﾠ48	 ﾠh	 ﾠfor	 ﾠthe	 ﾠGabriel	 ﾠapproach.	 ﾠ	 ﾠUnfortunately,	 ﾠduring	 ﾠ
flash	 ﾠcolumn	 ﾠchromatography,	 ﾠco-ﾭ‐elution	 ﾠof	 ﾠthe	 ﾠhydrazine	 ﾠMitsunobu	 ﾠby-ﾭ‐product	 ﾠwith	 ﾠour	 ﾠimides	 ﾠ
was	 ﾠseen	 ﾠin	 ﾠall	 ﾠcases.	 ﾠ	 ﾠAttempts	 ﾠat	 ﾠre-ﾭ‐crystallization	 ﾠrevealed	 ﾠEt2O	 ﾠto	 ﾠbe	 ﾠa	 ﾠsuitable	 ﾠsolvent	 ﾠfor	 ﾠthe	 ﾠ
removal	 ﾠof	 ﾠmost	 ﾠof	 ﾠthe	 ﾠhydrazine,	 ﾠand	 ﾠsubsequent	 ﾠcolumn	 ﾠchromatography	 ﾠafforded	 ﾠclean	 ﾠimide	 ﾠ
in	 ﾠall	 ﾠcases.	 ﾠ
Br
R1
OMe
N
O
O
phthalimide (159) or
succinimide (160)
K2CO3, MeCN, 82 oC
R1
OMe
161 (R1 = OMe, phthaloyl)
162 (R1 = H, phthaloyl)
163 (R1 = OMe, succinyl)
157 (R1 = OMe)
158 (R1 = H)
N
O
O
161
OMe
OMe
N
O
O
162
OMe
N
O
O
163
OMe
OMe	 ﾠ 24	 ﾠ
	 ﾠ
Scheme	 ﾠ39.	 ﾠMitsunobu	 ﾠreaction	 ﾠof	 ﾠphthalimide	 ﾠand	 ﾠsuccinimide	 ﾠwith	 ﾠalkyl	 ﾠalcohols	 ﾠ
	 ﾠ
Entry	 ﾠ
Imide	 ﾠ
(1.2	 ﾠeq.)	 ﾠ
Alcohol	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠproduct	 ﾠ(yield)	 ﾠ
1	 ﾠ 159	 ﾠ 164	 ﾠ
DIAD	 ﾠ(1.2	 ﾠeq.),	 ﾠPPh3	 ﾠ(1.2	 ﾠeq.),	 ﾠ
THF,	 ﾠ13	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(94%)	 ﾠ
2	 ﾠ 159	 ﾠ 165	 ﾠ
DIAD	 ﾠ(1.2	 ﾠeq.),	 ﾠPPh3	 ﾠ(1.2	 ﾠeq.),	 ﾠ
THF,	 ﾠ6	 ﾠh	 ﾠ 	 ﾠ
(66%)	 ﾠ
3	 ﾠ 160	 ﾠ 164	 ﾠ
DIAD	 ﾠ(1.2	 ﾠeq.),	 ﾠPPh3	 ﾠ(1.2	 ﾠeq.),	 ﾠ
THF,	 ﾠ4	 ﾠh	 ﾠ 	 ﾠ
(60%)	 ﾠ
	 ﾠ
Table	 ﾠ2.	 ﾠPreparation	 ﾠof	 ﾠimides	 ﾠ161-ﾭ‐163	 ﾠusing	 ﾠthe	 ﾠMitsunobu	 ﾠprotocol.	 ﾠ
	 ﾠ
With	 ﾠour	 ﾠimides	 ﾠin	 ﾠhand,	 ﾠwe	 ﾠembarked	 ﾠupon	 ﾠreduction	 ﾠto	 ﾠthe	 ﾠcorresponding	 ﾠhydroxy	 ﾠlactams,	 ﾠthe	 ﾠ
results	 ﾠof	 ﾠwhich	 ﾠare	 ﾠpresented	 ﾠin	 ﾠscheme	 ﾠ40	 ﾠand	 ﾠtable	 ﾠ3.	 ﾠIn	 ﾠapplying	 ﾠNaBH4	 ﾠto	 ﾠthe	 ﾠreduction,	 ﾠ
initial	 ﾠresults	 ﾠindicated	 ﾠa	 ﾠring	 ﾠopening	 ﾠand	 ﾠover-ﾭ‐reduction	 ﾠto	 ﾠamide	 ﾠ167	 ﾠwas	 ﾠoccurring	 ﾠ(table	 ﾠ3,	 ﾠ
entry	 ﾠ1).	 ﾠ	 ﾠMaintaining	 ﾠan	 ﾠacidic	 ﾠpH	 ﾠwith	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠethanolic	 ﾠHCl	 ﾠsolution	 ﾠprevented	 ﾠthis,	 ﾠto	 ﾠ
afford	 ﾠthe	 ﾠdesired	 ﾠhydroxy	 ﾠlactam	 ﾠ164	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠWe	 ﾠalso	 ﾠsuccessfully	 ﾠaccessed	 ﾠhydroxy	 ﾠlactam	 ﾠ
165	 ﾠ(entry	 ﾠ3),	 ﾠhowever	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠimide	 ﾠ163	 ﾠappeared	 ﾠto	 ﾠbe	 ﾠmuch	 ﾠmore	 ﾠsluggish	 ﾠcompared	 ﾠ
to	 ﾠthe	 ﾠprevious	 ﾠimides,	 ﾠpresumably	 ﾠdue	 ﾠto	 ﾠa	 ﾠlack	 ﾠof	 ﾠactivation	 ﾠprovided	 ﾠby	 ﾠthe	 ﾠphenyl	 ﾠring	 ﾠin	 ﾠthe	 ﾠ
phthaloyl	 ﾠexamples	 ﾠ(entry	 ﾠ4).	 ﾠ	 ﾠWe	 ﾠwere	 ﾠreluctant	 ﾠto	 ﾠraise	 ﾠthe	 ﾠtemperature	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠfor	 ﾠfear	 ﾠ
of	 ﾠring	 ﾠopening	 ﾠand	 ﾠover-ﾭ‐reduction,	 ﾠand	 ﾠso	 ﾠwe	 ﾠturned	 ﾠto	 ﾠLiBHEt3,	 ﾠwhich	 ﾠfurnished	 ﾠhydroxy	 ﾠlactam	 ﾠ
166	 ﾠ (entry	 ﾠ 5).	 ﾠ	 ﾠWith	 ﾠ our	 ﾠ small	 ﾠ series	 ﾠ of	 ﾠ hydroxy	 ﾠ lactams	 ﾠ in	 ﾠ hand,	 ﾠ we	 ﾠwere	 ﾠready	 ﾠto	 ﾠexplore	 ﾠ
“reagent-ﾭ‐free”	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry.	 ﾠ
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Scheme	 ﾠ40.	 ﾠReduction	 ﾠof	 ﾠimides	 ﾠ161-ﾭ‐163	 ﾠto	 ﾠhydroxy	 ﾠlactams	 ﾠ164-ﾭ‐166.	 ﾠ
	 ﾠ
Entry	 ﾠ Imide	 ﾠ(eq.)	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 161	 ﾠ
NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ
45	 ﾠmin	 ﾠ 	 ﾠ
(49%)	 ﾠ
2	 ﾠ 161	 ﾠ
NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH
.HCl,	 ﾠ
EtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ45	 ﾠmin	 ﾠ 	 ﾠ	 ﾠ
(89%)	 ﾠ
3	 ﾠ 162	 ﾠ
NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH
.HCl,	 ﾠ
EtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ45	 ﾠmin	 ﾠ 	 ﾠ
(78%)	 ﾠ
4	 ﾠ 163	 ﾠ
NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH
.HCl,	 ﾠ
EtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ45	 ﾠmin	 ﾠ 	 ﾠ
(9%)	 ﾠ
5	 ﾠ 163	 ﾠ
LiBHEt3	 ﾠ(1.1	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
-ﾭ‐78	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(71%)	 ﾠ
Table	 ﾠ3.	 ﾠPreparation	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ164-ﾭ‐166.	 ﾠ
	 ﾠ
2.2.	 ﾠInitial	 ﾠResults	 ﾠof	 ﾠ“Reagent-ﾭ‐Free”	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠReactions	 ﾠ
We	 ﾠwere	 ﾠsatisfied	 ﾠto	 ﾠobserve	 ﾠa	 ﾠsuccessful	 ﾠconversion	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ164	 ﾠto	 ﾠlactam	 ﾠ168	 ﾠin	 ﾠa	 ﾠ
number	 ﾠof	 ﾠsolvents	 ﾠ(table	 ﾠ4,	 ﾠentries	 ﾠ1-ﾭ‐4)	 ﾠand	 ﾠsome	 ﾠfailures	 ﾠ(entries	 ﾠ5-ﾭ‐6).	 ﾠ	 ﾠWe	 ﾠwere	 ﾠespecially	 ﾠ
surprised	 ﾠto	 ﾠsee	 ﾠconversion	 ﾠin	 ﾠrefluxing	 ﾠxylene	 ﾠand	 ﾠ(CHCl2)2,	 ﾠand	 ﾠconsidered	 ﾠwhether	 ﾠthe	 ﾠreaction	 ﾠ
was	 ﾠproceeding	 ﾠpurely	 ﾠfrom	 ﾠthermal	 ﾠinitiation,	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠthe	 ﾠfailures	 ﾠin	 ﾠCH2Cl2	 ﾠand	 ﾠCHCl3.	 ﾠ	 ﾠ
Further	 ﾠto	 ﾠthis,	 ﾠTFE	 ﾠand	 ﾠHFIP	 ﾠreactions	 ﾠwere	 ﾠmuch	 ﾠslower	 ﾠthan	 ﾠthat	 ﾠof	 ﾠ(CHCl2)2	 ﾠand	 ﾠxylene,	 ﾠdespite	 ﾠ
their	 ﾠwell	 ﾠreported	 ﾠmild	 ﾠacidity	 ﾠand	 ﾠhighly	 ﾠpolarizing	 ﾠproperties.
62	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Scheme	 ﾠ41.	 ﾠCyclization	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ164-ﾭ‐166	 ﾠto	 ﾠlactams	 ﾠ168-ﾭ‐170.	 ﾠ
	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 164	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ105	 ﾠmin	 ﾠ 	 ﾠ
(99%)	 ﾠ
2	 ﾠ 164	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ45	 ﾠmin	 ﾠ 	 ﾠ	 ﾠ
(95%)	 ﾠ
3	 ﾠ 164	 ﾠ TFE,	 ﾠ78	 ﾠ
oC,	 ﾠ20	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(74%)	 ﾠ
4	 ﾠ 164	 ﾠ HFIP,	 ﾠ58	 ﾠ
oC,	 ﾠ26	 ﾠh	 ﾠ 	 ﾠ
(68%)	 ﾠ
5	 ﾠ 164	 ﾠ CH2Cl2,	 ﾠ40	 ﾠ
oC,	 ﾠ2	 ﾠd	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
(100%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ
6	 ﾠ 164	 ﾠ CHCl3,	 ﾠ66	 ﾠ
oC,	 ﾠ2	 ﾠd	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
(100%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(0%)
	 ﾠ
7	 ﾠ 165	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ4	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ	 ﾠ(89%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ
8	 ﾠ 165	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ4	 ﾠh	 ﾠ 	 ﾠ
(99)	 ﾠ
9	 ﾠ 166	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ2	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(96%)	 ﾠ
10	 ﾠ 166	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ2	 ﾠh	 ﾠ 	 ﾠ
(80%)	 ﾠ
Table	 ﾠ4.	 ﾠ	 ﾠInitial	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠtransformations	 ﾠachieved	 ﾠin	 ﾠ“reagent-ﾭ‐free”	 ﾠconditions.	 ﾠ
	 ﾠ
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169 (R1 = H, phthaloyl)
170 (R1 = OMe, succinyl
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Successful	 ﾠconversions	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ165	 ﾠand	 ﾠ166	 ﾠto	 ﾠthe	 ﾠcorresponding	 ﾠlactams	 ﾠ169	 ﾠand	 ﾠ170	 ﾠ
respectively	 ﾠwas	 ﾠachieved	 ﾠin	 ﾠ(CHCl2)2	 ﾠ(entry	 ﾠ8	 ﾠand	 ﾠ10)	 ﾠhowever	 ﾠthe	 ﾠsame	 ﾠreactions	 ﾠwere	 ﾠnot	 ﾠ
successful	 ﾠin	 ﾠrefluxing	 ﾠxylene	 ﾠ(entry	 ﾠ7	 ﾠand	 ﾠ9	 ﾠrespectively).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ165,	 ﾠthe	 ﾠ
oxidised	 ﾠ product,	 ﾠ imide	 ﾠ 162	 ﾠ was	 ﾠ isolated	 ﾠ (entry	 ﾠ 7).	 ﾠ 	 ﾠ We	 ﾠ are	 ﾠ not	 ﾠ able	 ﾠ to	 ﾠ offer	 ﾠ a	 ﾠ convincing	 ﾠ
mechanistic	 ﾠrationale	 ﾠfor	 ﾠthis	 ﾠobservation,	 ﾠalthough	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠoxygen	 ﾠat	 ﾠhigh	 ﾠtemperature	 ﾠ
would	 ﾠbe	 ﾠa	 ﾠpossible	 ﾠcause	 ﾠof	 ﾠthe	 ﾠoxidation.	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠreactions	 ﾠwere	 ﾠconducted	 ﾠunder	 ﾠnitrogen,	 ﾠ
oxygen	 ﾠdissolved	 ﾠin	 ﾠthe	 ﾠsolvent	 ﾠcould	 ﾠbe	 ﾠthe	 ﾠsource	 ﾠof	 ﾠoxidation.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ
166,	 ﾠthe	 ﾠproduct	 ﾠafforded	 ﾠwas	 ﾠthe	 ﾠcorresponding	 ﾠα,β-ﾭ‐unsaturated	 ﾠγ-ﾭ‐lactam	 ﾠ171,	 ﾠ(entry	 ﾠ9),	 ﾠwhich	 ﾠ
arose,	 ﾠpresumably	 ﾠvia	 ﾠan	 ﾠisomerisation	 ﾠof	 ﾠthe	 ﾠless	 ﾠstable	 ﾠβ,γ-ﾭ‐unsaturated	 ﾠpyrrolidinone	 ﾠfrom	 ﾠa	 ﾠ
dehydrative	 ﾠelimination	 ﾠ(scheme	 ﾠ42).	 ﾠ	 ﾠIt	 ﾠwas	 ﾠrecognised	 ﾠthis	 ﾠdehydrative	 ﾠprocess	 ﾠwas	 ﾠnot	 ﾠpossible	 ﾠ
in	 ﾠthe	 ﾠcase	 ﾠof	 ﾠthe	 ﾠphthalimide	 ﾠderivatives	 ﾠdue	 ﾠto	 ﾠthe	 ﾠquaternary	 ﾠcentre	 ﾠα	 ﾠto	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion,	 ﾠ
and	 ﾠthe	 ﾠphthalimide	 ﾠderivatives	 ﾠwould	 ﾠprovide	 ﾠbetter	 ﾠsubstrates	 ﾠfor	 ﾠthis	 ﾠchemistry.	 ﾠ	 ﾠThe	 ﾠsame	 ﾠ
dehydrative	 ﾠprocess	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠrefluxing	 ﾠ(CHCl2)2	 ﾠafter	 ﾠperiodical	 ﾠmonitoring	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠ
progress	 ﾠvia	 ﾠ
1H	 ﾠNMR	 ﾠspectroscopy,	 ﾠhowever	 ﾠpresumably	 ﾠvia	 ﾠanother	 ﾠseries	 ﾠof	 ﾠisomerizations	 ﾠto	 ﾠ
re-ﾭ‐afford	 ﾠthe	 ﾠdesired	 ﾠN-ﾭ‐acyliminium	 ﾠion,	 ﾠpreparation	 ﾠof	 ﾠlactam	 ﾠ170	 ﾠ was	 ﾠsuccessfully	 ﾠachieved	 ﾠ
(entry	 ﾠ10).	 ﾠ	 ﾠWe	 ﾠpropose	 ﾠthe	 ﾠcationic	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠis	 ﾠbetter	 ﾠsupported	 ﾠin	 ﾠthe	 ﾠmore	 ﾠpolar	 ﾠ
(CHCl2)2	 ﾠ than	 ﾠ xylene	 ﾠ and	 ﾠ therefore	 ﾠ the	 ﾠ subsequently	 ﾠ lowered	 ﾠ ΔG
‡	 ﾠ is	 ﾠ achievable,	 ﾠ allowing	 ﾠ
isomerization	 ﾠfrom	 ﾠthe	 ﾠα,β-ﾭ‐unsaturated	 ﾠγ-ﾭ‐lactam	 ﾠback	 ﾠto	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion.	 ﾠ
	 ﾠ
Scheme	 ﾠ42.	 ﾠProposed	 ﾠdehydrative	 ﾠelimination/isomerization	 ﾠcascade	 ﾠto	 ﾠlactam	 ﾠ171.	 ﾠ
	 ﾠ
2.3	 ﾠMicrowave	 ﾠIrradiation	 ﾠ
With	 ﾠimpressive	 ﾠinitial	 ﾠresults	 ﾠusing	 ﾠconventional	 ﾠheating	 ﾠtechniques,	 ﾠμW	 ﾠirradiation	 ﾠwas	 ﾠutilised	 ﾠ
in	 ﾠan	 ﾠattempt	 ﾠto	 ﾠimprove	 ﾠreaction	 ﾠyields	 ﾠand	 ﾠtimes.	 ﾠ	 ﾠDue	 ﾠto	 ﾠthe	 ﾠpoor	 ﾠdielectric	 ﾠconstant	 ﾠof	 ﾠboth	 ﾠ
toluene	 ﾠand	 ﾠxylene,	 ﾠrapid	 ﾠheating	 ﾠto	 ﾠthe	 ﾠrequired	 ﾠtemperatures	 ﾠwas	 ﾠnot	 ﾠpossible,	 ﾠand	 ﾠso	 ﾠit	 ﾠwas	 ﾠ
only	 ﾠviable	 ﾠto	 ﾠinvestigate	 ﾠ(CHCl2)2	 ﾠand	 ﾠthe	 ﾠpolyfluorinated	 ﾠalcohols	 ﾠin	 ﾠthis	 ﾠcase.	 ﾠ	 ﾠRapid	 ﾠheating	 ﾠto	 ﾠ
the	 ﾠrespective	 ﾠboiling	 ﾠpoints	 ﾠis	 ﾠpossible	 ﾠand	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠTFE	 ﾠand	 ﾠHFIP,	 ﾠdue	 ﾠto	 ﾠa	 ﾠfavourable	 ﾠ
dielectric	 ﾠconstant.	 ﾠ	 ﾠThe	 ﾠreactivity	 ﾠin	 ﾠthese	 ﾠsolvents	 ﾠusing	 ﾠconventional	 ﾠheating	 ﾠwas	 ﾠmuch	 ﾠlower	 ﾠ
compared	 ﾠto	 ﾠ(CHCl2)2,	 ﾠhowever	 ﾠin	 ﾠthe	 ﾠμW	 ﾠwe	 ﾠwere	 ﾠable	 ﾠto	 ﾠsuperheat	 ﾠthese	 ﾠsolvents	 ﾠto	 ﾠ120	 ﾠ
oC.	 ﾠ	 ﾠIn	 ﾠ
N
O
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OMe
OMe
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O
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OMe
N
O
OMe
OMe
N
O
OMe
OMe
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the	 ﾠcase	 ﾠof	 ﾠ(CHCl2)2,	 ﾠ2-ﾭ‐3	 ﾠfold	 ﾠreaction	 ﾠrate	 ﾠenhancements	 ﾠwere	 ﾠseen	 ﾠwith	 ﾠimprovements	 ﾠin	 ﾠyield	 ﾠ
also	 ﾠobserved	 ﾠwhen	 ﾠcompared	 ﾠto	 ﾠthermal	 ﾠheating	 ﾠin	 ﾠthe	 ﾠsame	 ﾠsolvent	 ﾠ(table	 ﾠ5,	 ﾠentry	 ﾠ1,	 ﾠ4,	 ﾠ5).	 ﾠ	 ﾠA	 ﾠ
remarkable	 ﾠ rate	 ﾠ enhancement	 ﾠ was	 ﾠ seen	 ﾠ in	 ﾠ the	 ﾠ case	 ﾠ of	 ﾠ TFE	 ﾠ (Entry	 ﾠ 2,	 ﾠ ca.	 ﾠ 27	 ﾠ fold),	 ﾠ but	 ﾠ the	 ﾠ
conversion	 ﾠwas	 ﾠstill	 ﾠconsiderably	 ﾠinferior	 ﾠcompared	 ﾠwith	 ﾠ(CHCl2)2.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠHFIP	 ﾠ(entry	 ﾠ3),	 ﾠ
improvements	 ﾠwere	 ﾠnot	 ﾠseen,	 ﾠand	 ﾠoffered	 ﾠsignificantly	 ﾠinferior	 ﾠconversion	 ﾠcompared	 ﾠto	 ﾠTFE	 ﾠand	 ﾠ
(CHCl2)2.	 ﾠ
	 ﾠ
Scheme	 ﾠ43.	 ﾠComparison	 ﾠof	 ﾠthermal	 ﾠand	 ﾠμW	 ﾠexperiments.	 ﾠ
	 ﾠ
Entry	 ﾠ
Hydroxy	 ﾠ
lactam	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
	 ﾠ 	 ﾠ
Thermal	 ﾠ μW	 ﾠ Thermal	 ﾠ μW	 ﾠ
1	 ﾠ 164	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
45	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ30	 ﾠmin	 ﾠ 	 ﾠ
(99)	 ﾠ
	 ﾠ
(97)	 ﾠ
2	 ﾠ 164	 ﾠ TFE,	 ﾠ78	 ﾠ
oC,	 ﾠ20	 ﾠh	 ﾠ TFE,	 ﾠ120	 ﾠ
oC,	 ﾠ300	 ﾠW,	 ﾠ
1200	 ﾠmin	 ﾠ 	 ﾠ
(74)	 ﾠ
	 ﾠ
(69)	 ﾠ
3	 ﾠ 164	 ﾠ HFIP,	 ﾠ58	 ﾠ
oC,	 ﾠ26	 ﾠh	 ﾠ HFIP,	 ﾠ120	 ﾠ
oC,	 ﾠ300	 ﾠ
W,	 ﾠ1200	 ﾠmin	 ﾠ 	 ﾠ
(68)	 ﾠ
	 ﾠ
(33)	 ﾠ
4	 ﾠ 165	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
45	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ55	 ﾠmin	 ﾠ 	 ﾠ
(76	 ﾠ
	 ﾠ
(>99)	 ﾠ
5	 ﾠ 166	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
45	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ40	 ﾠmin	 ﾠ 	 ﾠ
(84)	 ﾠ
	 ﾠ
(>99)	 ﾠ
Table	 ﾠ5.	 ﾠComparison	 ﾠof	 ﾠreaction	 ﾠtimes	 ﾠand	 ﾠyields	 ﾠwith	 ﾠthermal	 ﾠvs.	 ﾠμW	 ﾠheating.	 ﾠ
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2.4	 ﾠSummary	 ﾠof	 ﾠInitial	 ﾠResults	 ﾠ
The	 ﾠinitial	 ﾠresults	 ﾠwere	 ﾠpleasing,	 ﾠand	 ﾠcompare	 ﾠequally	 ﾠwell	 ﾠin	 ﾠterms	 ﾠof	 ﾠreaction	 ﾠrate	 ﾠand	 ﾠyield	 ﾠto	 ﾠ
those	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠfor	 ﾠLewis	 ﾠacid
46	 ﾠand	 ﾠBrønsted	 ﾠacid
68	 ﾠpromoted	 ﾠreactions	 ﾠin	 ﾠthe	 ﾠ
case	 ﾠof	 ﾠ(CHCl2)2.	 ﾠ	 ﾠHowever,	 ﾠit	 ﾠwas	 ﾠfelt	 ﾠinvestigation	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠmechanism	 ﾠwas	 ﾠrequired	 ﾠ
before	 ﾠa	 ﾠmore	 ﾠdetailed	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠlimits	 ﾠand	 ﾠpossibilities	 ﾠof	 ﾠthis	 ﾠ“reagent-ﾭ‐free”	 ﾠapproach	 ﾠwere	 ﾠ
to	 ﾠbe	 ﾠundertaken.	 ﾠ
	 ﾠ
2.5.	 ﾠMechanistic	 ﾠExperiments	 ﾠ
It	 ﾠwas	 ﾠthought,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠextremely	 ﾠpoor	 ﾠleaving	 ﾠability	 ﾠof	 ﾠthe	 ﾠhydroxide	 ﾠanion,	 ﾠthere	 ﾠmust	 ﾠbe	 ﾠ
some	 ﾠactivation	 ﾠof	 ﾠthis	 ﾠgroup	 ﾠfor	 ﾠthe	 ﾠsuccessful	 ﾠprogress	 ﾠof	 ﾠthe	 ﾠreaction.	 ﾠ	 ﾠInitial	 ﾠpropositions	 ﾠwere	 ﾠ
the	 ﾠ possibility	 ﾠ of	 ﾠ a	 ﾠ bimolecular	 ﾠ activation	 ﾠ whereby	 ﾠ the	 ﾠ combination	 ﾠ of	 ﾠ two	 ﾠ hydroxy	 ﾠ lactams	 ﾠ
facilitated	 ﾠ the	 ﾠ generation	 ﾠ of	 ﾠ the	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ (see	 ﾠ scheme	 ﾠ 44)	 ﾠ and	 ﾠ trace	 ﾠ acid	 ﾠ from	 ﾠthe	 ﾠ
glassware	 ﾠand/or	 ﾠsolvent	 ﾠwas	 ﾠmediating	 ﾠthe	 ﾠreaction.	 ﾠ
	 ﾠ
Scheme	 ﾠ44.	 ﾠProposed	 ﾠbimolecular	 ﾠactivation	 ﾠmodel.	 ﾠ
	 ﾠ
2.5.1.	 ﾠInvestigations	 ﾠinto	 ﾠthe	 ﾠBimolecular	 ﾠActivation	 ﾠModel	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠbimolecular	 ﾠactivation,	 ﾠa	 ﾠseries	 ﾠof	 ﾠexperiments	 ﾠwere	 ﾠ
designed	 ﾠ in	 ﾠ which	 ﾠ reactions	 ﾠ of	 ﾠ hydroxy	 ﾠ lactam	 ﾠ 164	 ﾠ in	 ﾠ xylene	 ﾠ and	 ﾠ 165	 ﾠ in	 ﾠ (CHCl2)2	 ﾠ at	 ﾠ varying	 ﾠ
concentrations	 ﾠwere	 ﾠperformed	 ﾠin	 ﾠparallel.	 ﾠ	 ﾠShould	 ﾠthe	 ﾠproposed	 ﾠmechanism	 ﾠbe	 ﾠaccurate,	 ﾠthe	 ﾠ
experiments	 ﾠat	 ﾠmore	 ﾠdilute	 ﾠconcentrations	 ﾠshould	 ﾠproceed	 ﾠmore	 ﾠslowly	 ﾠdue	 ﾠto	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠ
effective	 ﾠ concentration	 ﾠ of	 ﾠ acid	 ﾠ (i.e.	 ﾠ concentration	 ﾠ of	 ﾠ the	 ﾠ substrate).	 ﾠ	 ﾠThe	 ﾠ results	 ﾠ of	 ﾠ these	 ﾠ
experiments	 ﾠ(table	 ﾠ6)	 ﾠin	 ﾠxylene	 ﾠwere	 ﾠnot	 ﾠconsistent,	 ﾠwith	 ﾠthe	 ﾠmore	 ﾠdilute	 ﾠexample	 ﾠproducing	 ﾠnot	 ﾠ
the	 ﾠ N-ﾭ‐acyliminium	 ﾠ product,	 ﾠ but	 ﾠ the	 ﾠ synthetic	 ﾠ precursor	 ﾠ imide	 ﾠ 161	 ﾠ (entries	 ﾠ 1-ﾭ‐2).	 ﾠ 	 ﾠ The	 ﾠ same	 ﾠ
N
O
O H
OMe
OMe
H
O
N
O OMe
OMe
solvent, Δ
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 ﾠ 30	 ﾠ
experiments	 ﾠin	 ﾠ(CHCl2)2	 ﾠwith	 ﾠhydroxy	 ﾠlactam	 ﾠ165	 ﾠdid	 ﾠnot	 ﾠfollow	 ﾠthe	 ﾠsame	 ﾠtrend,	 ﾠwith	 ﾠthe	 ﾠsame	 ﾠ
conversion	 ﾠwithin	 ﾠexperimental	 ﾠerror	 ﾠ(entries	 ﾠ3-ﾭ‐4).	 ﾠ
	 ﾠ
Entry	 ﾠ
Hydroxy	 ﾠ
lactam	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
1	 ﾠ 164	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ92	 ﾠμM,	 ﾠ105	 ﾠmin	 ﾠ 161	 ﾠ(0),	 ﾠ164	 ﾠ(8),	 ﾠ168	 ﾠ(92)	 ﾠ
2	 ﾠ 164	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ9.3	 ﾠμM,	 ﾠ105	 ﾠmin	 ﾠ 161	 ﾠ(97),	 ﾠ164	 ﾠ(0),	 ﾠ168	 ﾠ(3)	 ﾠ
3	 ﾠ 165	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ101	 ﾠμM,	 ﾠ240	 ﾠmin	 ﾠ 162	 ﾠ(0),	 ﾠ165	 ﾠ(31),	 ﾠ169	 ﾠ(69)	 ﾠ
4	 ﾠ 165	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ10.1	 ﾠμM,	 ﾠ240	 ﾠmin	 ﾠ 162	 ﾠ(0),	 ﾠ165	 ﾠ(28),	 ﾠ169	 ﾠ(72)	 ﾠ
Table	 ﾠ6.	 ﾠEffect	 ﾠof	 ﾠvarying	 ﾠthe	 ﾠreaction	 ﾠconcentration	 ﾠin	 ﾠthe	 ﾠprogress	 ﾠof	 ﾠα-ﾭ‐amidoalkylations.	 ﾠ
	 ﾠ
The	 ﾠ disparity	 ﾠ of	 ﾠ results	 ﾠ suggested	 ﾠ different	 ﾠ reaction	 ﾠ mechanisms	 ﾠ were	 ﾠ occurring	 ﾠ in	 ﾠ the	 ﾠ two	 ﾠ
different	 ﾠsolvents.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠxylene	 ﾠsystem,	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠseemed	 ﾠto	 ﾠindicate	 ﾠactivation	 ﾠ
was	 ﾠrequired.	 ﾠ	 ﾠThis	 ﾠfailure	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠthe	 ﾠproposed	 ﾠbimolecular	 ﾠactivation	 ﾠmodel,	 ﾠor	 ﾠacidic	 ﾠ
sites	 ﾠon	 ﾠthe	 ﾠglass	 ﾠsurface,	 ﾠsince	 ﾠa	 ﾠdilution	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠmixture	 ﾠwould	 ﾠalso	 ﾠdilute	 ﾠthe	 ﾠeffective	 ﾠ
concentration	 ﾠof	 ﾠacidic	 ﾠglass	 ﾠresidues.	 ﾠ	 ﾠIn	 ﾠeither	 ﾠcase,	 ﾠit	 ﾠappeared	 ﾠapparent	 ﾠacidic	 ﾠactivation	 ﾠis	 ﾠ
imperative	 ﾠfor	 ﾠa	 ﾠsuccessful	 ﾠreaction	 ﾠoutcome.	 ﾠ
	 ﾠ
2.5.2.	 ﾠInvestigations	 ﾠinto	 ﾠAcidic	 ﾠGlassware	 ﾠPromoting	 ﾠCatalysis	 ﾠ
As	 ﾠprevious	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠdilution	 ﾠexperiments	 ﾠsuggested	 ﾠan	 ﾠactivation	 ﾠof	 ﾠthe	 ﾠhydroxy	 ﾠlactams	 ﾠ
was	 ﾠ required	 ﾠ for	 ﾠ successful	 ﾠ reaction	 ﾠ progress,	 ﾠ it	 ﾠ was	 ﾠ thought	 ﾠ the	 ﾠ addition	 ﾠ of	 ﾠ a	 ﾠ base	 ﾠ would	 ﾠ
discriminate	 ﾠ between	 ﾠ whether	 ﾠ trace	 ﾠ acid	 ﾠ or	 ﾠ the	 ﾠ bimolecular	 ﾠ activation	 ﾠ model	 ﾠ explained	 ﾠ the	 ﾠ
observed	 ﾠsuccessful	 ﾠreactions.	 ﾠ	 ﾠTo	 ﾠtest	 ﾠthis	 ﾠhypothesis,	 ﾠreactions	 ﾠin	 ﾠboth	 ﾠxylene	 ﾠand	 ﾠ(CHCl2)2	 ﾠin	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠDABCO	 ﾠwere	 ﾠperformed,	 ﾠthe	 ﾠresults	 ﾠof	 ﾠwhich	 ﾠare	 ﾠprovided	 ﾠin	 ﾠtable	 ﾠ7.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠ
xylene,	 ﾠas	 ﾠexpected	 ﾠa	 ﾠstoichiometric	 ﾠexcess	 ﾠof	 ﾠDABCO	 ﾠcompletely	 ﾠinhibited	 ﾠthe	 ﾠreaction	 ﾠprogress;	 ﾠ
and	 ﾠ actually	 ﾠ afforded	 ﾠ the	 ﾠ corresponding	 ﾠ imide	 ﾠ 161	 ﾠ via	 ﾠ a	 ﾠ thermal	 ﾠ oxidation	 ﾠ (entry	 ﾠ 1).	 ﾠ 	 ﾠ More	 ﾠ
interestingly,	 ﾠ5	 ﾠmol.	 ﾠ%	 ﾠof	 ﾠDABCO	 ﾠalso	 ﾠcompletely	 ﾠinhibited	 ﾠthe	 ﾠreaction	 ﾠprogress,	 ﾠagain	 ﾠaffording	 ﾠ
the	 ﾠcorresponding	 ﾠimide	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠThis	 ﾠthermal	 ﾠoxidation	 ﾠhad	 ﾠpreviously	 ﾠbeen	 ﾠseen	 ﾠwhen	 ﾠthe	 ﾠless	 ﾠ
reactive	 ﾠhydroxy	 ﾠlactam	 ﾠ162	 ﾠwas	 ﾠheated	 ﾠunder	 ﾠreflux	 ﾠin	 ﾠxylene	 ﾠ(table	 ﾠ4,	 ﾠentry	 ﾠ7).	 ﾠ	 ﾠIf	 ﾠthe	 ﾠreaction	 ﾠ
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 ﾠ
was	 ﾠproceeding	 ﾠvia	 ﾠan	 ﾠelimination	 ﾠof	 ﾠhydroxide	 ﾠwithout	 ﾠacidic	 ﾠactivation,	 ﾠthere	 ﾠshould	 ﾠstill	 ﾠhave	 ﾠ
been	 ﾠ95%	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠavailable	 ﾠto	 ﾠpartake	 ﾠin	 ﾠan	 ﾠuncompromised	 ﾠreaction.	 ﾠ	 ﾠSimilarly,	 ﾠif	 ﾠthe	 ﾠ
bimolecular	 ﾠactivation	 ﾠmodel	 ﾠwas	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠsuccessful	 ﾠpreparation	 ﾠof	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion,	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ5	 ﾠmol.	 ﾠ%	 ﾠof	 ﾠDABCO	 ﾠshould	 ﾠnot	 ﾠbe	 ﾠenough	 ﾠto	 ﾠprevent	 ﾠthe	 ﾠremaining	 ﾠ95%	 ﾠof	 ﾠ
hydroxy	 ﾠlactam	 ﾠproceeding	 ﾠin	 ﾠan	 ﾠuncompromised	 ﾠreaction.	 ﾠ	 ﾠThese	 ﾠresults	 ﾠpotentially	 ﾠconfirmed	 ﾠ
our	 ﾠconclusions	 ﾠfrom	 ﾠthe	 ﾠdilution	 ﾠexperiments,	 ﾠwhich	 ﾠsuggested	 ﾠthere	 ﾠwas	 ﾠsome	 ﾠacidic	 ﾠactivation	 ﾠ
occurring,	 ﾠand	 ﾠthat	 ﾠ5	 ﾠmol.	 ﾠ%	 ﾠof	 ﾠDABCO	 ﾠwas	 ﾠsufficient	 ﾠto	 ﾠdisrupt	 ﾠthat	 ﾠactivity.	 ﾠ	 ﾠFurthermore,	 ﾠthe	 ﾠ
results	 ﾠ seemed	 ﾠ to	 ﾠ rule	 ﾠ out	 ﾠ the	 ﾠ bimolecular	 ﾠ activation	 ﾠ concept.	 ﾠ 	 ﾠ Interestingly,	 ﾠ the	 ﾠ same	 ﾠ
experiments	 ﾠ in	 ﾠ (CHCl2)2	 ﾠ saw	 ﾠ an	 ﾠ acceleration	 ﾠ in	 ﾠ reaction	 ﾠ rate	 ﾠ (entries	 ﾠ 3	 ﾠ and	 ﾠ 4),	 ﾠ which	 ﾠ was	 ﾠ
rationalised	 ﾠby	 ﾠa	 ﾠreaction	 ﾠof	 ﾠDABCO	 ﾠwith	 ﾠ(CHCl2)2	 ﾠto	 ﾠafford	 ﾠDABCO
.HCl,	 ﾠwhich	 ﾠwas	 ﾠthen	 ﾠacted	 ﾠas	 ﾠa	 ﾠ
mild	 ﾠacid	 ﾠpromoting	 ﾠthe	 ﾠreaction.	 ﾠ
	 ﾠ
Entry	 ﾠ
Hydroxy	 ﾠ
lactam	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 164	 ﾠ
Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠDABCO	 ﾠ(1.5	 ﾠeq.),	 ﾠ	 ﾠ
60	 ﾠmin	 ﾠ 161	 ﾠ(100%),	 ﾠ164	 ﾠ(0%),	 ﾠ168	 ﾠ(0%)	 ﾠ
2	 ﾠ 164	 ﾠ
Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠDABCO	 ﾠ(5	 ﾠmol.	 ﾠ%),	 ﾠ
60	 ﾠmin	 ﾠ
161	 ﾠ(100%),	 ﾠ164	 ﾠ(0%),	 ﾠ168	 ﾠ(0%)	 ﾠ
3	 ﾠ 165	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠDABCO	 ﾠ(1.5	 ﾠeq.),	 ﾠ
80	 ﾠmin	 ﾠ
162	 ﾠ(0%),	 ﾠ165	 ﾠ(0%),	 ﾠ169	 ﾠ(100%)	 ﾠ
4	 ﾠ 165	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠDABCO	 ﾠ(5	 ﾠmol.	 ﾠ%),	 ﾠ
80	 ﾠmin	 ﾠ
162	 ﾠ(0%),	 ﾠ165	 ﾠ(3%),	 ﾠ169	 ﾠ(97%)	 ﾠ
Table	 ﾠ7.	 ﾠEffect	 ﾠof	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠDABCO	 ﾠin	 ﾠthe	 ﾠprogress	 ﾠof	 ﾠα-ﾭ‐amidoalkylations.	 ﾠ
	 ﾠ
2.5.3.	 ﾠInvestigations	 ﾠinto	 ﾠIn	 ﾠSitu	 ﾠAcid	 ﾠGeneration	 ﾠ
Up	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠthe	 ﾠmechanistic	 ﾠinvestigations	 ﾠsuggested	 ﾠthe	 ﾠ(CHCl2)2	 ﾠsystem	 ﾠwas	 ﾠproceeding	 ﾠ
differently	 ﾠ to	 ﾠ the	 ﾠ xylene	 ﾠ system.	 ﾠ Dilution	 ﾠ of	 ﾠ the	 ﾠ reaction	 ﾠ mixture	 ﾠ in	 ﾠ the	 ﾠ xylene	 ﾠ series	 ﾠ had	 ﾠ a	 ﾠ
profound	 ﾠimpact	 ﾠupon	 ﾠthe	 ﾠreaction	 ﾠprogress,	 ﾠwhile	 ﾠin	 ﾠthe	 ﾠ(CHCl2)2	 ﾠseries,	 ﾠthe	 ﾠeffect	 ﾠwas	 ﾠnegligible	 ﾠ
(table	 ﾠ6).	 ﾠ	 ﾠWe	 ﾠbegan	 ﾠto	 ﾠsuspect	 ﾠHCl	 ﾠmay	 ﾠbe	 ﾠevolved	 ﾠvia	 ﾠa	 ﾠthermal	 ﾠdegradation	 ﾠof	 ﾠ(CHCl2)2	 ﾠduring	 ﾠ
the	 ﾠheating	 ﾠof	 ﾠthe	 ﾠsolvent.	 ﾠIt	 ﾠwas	 ﾠrationalised	 ﾠthat	 ﾠif	 ﾠthis	 ﾠwas	 ﾠthe	 ﾠcase,	 ﾠthe	 ﾠconcentration	 ﾠof	 ﾠHCl	 ﾠ
generated	 ﾠwould	 ﾠincrease	 ﾠwith	 ﾠincreasing	 ﾠreaction	 ﾠtimes,	 ﾠand	 ﾠthis	 ﾠseemed	 ﾠto	 ﾠexplain	 ﾠwhy	 ﾠthe	 ﾠless	 ﾠ
reactive	 ﾠsubstrates	 ﾠwere	 ﾠsuccessfully	 ﾠafforded	 ﾠin	 ﾠ(CHCl2)2,	 ﾠwhere	 ﾠxylene	 ﾠfailed.	 ﾠ	 ﾠWe	 ﾠdiscovered	 ﾠ
both	 ﾠreaction	 ﾠrates	 ﾠand	 ﾠscope	 ﾠof	 ﾠthe	 ﾠchemistry	 ﾠincreased	 ﾠwith	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠpreheated	 ﾠ(CHCl2)2	 ﾠ
N
O
OH
R1
OMe
reaction
conditions N
O
O
R1
OMe
N
O
OH
R1
OMe
N
O
R1 OMe 164 (R1 = OMe)
165 (R1 = H) 168 (R1 = OMe)
169 (R1 = H)
164 (R1 = OMe)
165 (R1 = H)
161 (R1 = OMe)
162 (R1 = H)	 ﾠ 32	 ﾠ
solvent	 ﾠ(see	 ﾠtable	 ﾠ8).	 ﾠ	 ﾠIt	 ﾠwas	 ﾠthought	 ﾠthe	 ﾠcause	 ﾠof	 ﾠthis	 ﾠwas	 ﾠthe	 ﾠin	 ﾠsitu	 ﾠpreparation	 ﾠof	 ﾠdry	 ﾠHCl	 ﾠvia	 ﾠa	 ﾠ
thermal	 ﾠdegradation	 ﾠof	 ﾠ(CHCl2)2,	 ﾠwhich	 ﾠthen	 ﾠproceeded	 ﾠto	 ﾠact	 ﾠas	 ﾠan	 ﾠacidic	 ﾠinitiator	 ﾠfor	 ﾠthe	 ﾠreaction.	 ﾠ
	 ﾠ 	 ﾠ
Scheme	 ﾠ45.	 ﾠThe	 ﾠeffect	 ﾠof	 ﾠpre-ﾭ‐heating	 ﾠ(CHCl2)2	 ﾠon	 ﾠα-ﾭ‐amidoalkylations.	 ﾠ
	 ﾠ
Entry	 ﾠ
Hydroxy	 ﾠ
lactam	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 164	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ240	 ﾠmin	 ﾠ 	 ﾠ	 ﾠ
(76%)	 ﾠ
2	 ﾠ 164	 ﾠ Pre-ﾭ‐heated	 ﾠ(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ5	 ﾠmin	 ﾠ 	 ﾠ	 ﾠ
(79%)	 ﾠ
3	 ﾠ 164	 ﾠ Pre-ﾭ‐heated	 ﾠ(CHCl2)2,	 ﾠ80	 ﾠ
oC,	 ﾠ14	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(90%)	 ﾠ
Table	 ﾠ8.	 ﾠResults	 ﾠof	 ﾠreactions	 ﾠperformed	 ﾠin	 ﾠ“activated”	 ﾠ(CHCl2)2	 ﾠin	 ﾠintramolecular	 ﾠN-ﾭ‐acyliminium	 ﾠ
ion	 ﾠcyclizations.
a	 ﾠ
	 ﾠ
2.6.	 ﾠFurther	 ﾠExamples:	 ﾠScope	 ﾠof	 ﾠ“Reagent-ﾭ‐Free”	 ﾠN-ﾭ‐Acyliminium	 ﾠIon	 ﾠChemistry	 ﾠ
Inspired	 ﾠby	 ﾠthe	 ﾠrecent	 ﾠreport	 ﾠof	 ﾠpolyfluorinated	 ﾠalcohols	 ﾠmediating	 ﾠFriedel-ﾭ‐Crafts	 ﾠreactions	 ﾠas	 ﾠa	 ﾠ
result	 ﾠof	 ﾠtheir	 ﾠmild	 ﾠacidity	 ﾠand	 ﾠhigh	 ﾠpolarizing	 ﾠpower,
62,66	 ﾠwe	 ﾠbegan	 ﾠto	 ﾠinvestigate	 ﾠtheir	 ﾠapplication	 ﾠ
to	 ﾠreactions	 ﾠinvolving	 ﾠan	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠintermediate.	 ﾠUp	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠwe	 ﾠhad	 ﾠfound	 ﾠmodest	 ﾠ
activity	 ﾠin	 ﾠTFE	 ﾠand	 ﾠHFIP,	 ﾠbut	 ﾠhad	 ﾠdiscovered	 ﾠ(CHCl2)2	 ﾠto	 ﾠbe	 ﾠa	 ﾠremarkably	 ﾠgood	 ﾠmediator	 ﾠof	 ﾠthese	 ﾠ
reactions.	 ﾠ 	 ﾠ We	 ﾠ had	 ﾠ performed	 ﾠ a	 ﾠ small	 ﾠ number	 ﾠ of	 ﾠ tentative	 ﾠ mechanistic	 ﾠ studies	 ﾠ in	 ﾠ order	 ﾠ to	 ﾠ
understand	 ﾠthe	 ﾠorigin	 ﾠof	 ﾠthis	 ﾠunprecedented	 ﾠoccurrence.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠof	 ﾠthese	 ﾠmechanistic	 ﾠstudies	 ﾠ
revealed	 ﾠthe	 ﾠin	 ﾠsitu	 ﾠgeneration	 ﾠof	 ﾠdry	 ﾠHCl	 ﾠvia	 ﾠa	 ﾠthermal	 ﾠdecomposition	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠsolvent,	 ﾠ
(CHCl2)2.	 ﾠ 	 ﾠ While	 ﾠ not	 ﾠ strictly	 ﾠ a	 ﾠ “reagent-ﾭ‐free”	 ﾠ approach,	 ﾠ the	 ﾠ protocol	 ﾠ was	 ﾠ providing	 ﾠ excellent	 ﾠ
results	 ﾠin	 ﾠa	 ﾠsmall	 ﾠnumber	 ﾠof	 ﾠα-ﾭ‐amidoalkylation	 ﾠreactions.	 ﾠ	 ﾠWe	 ﾠwanted	 ﾠto	 ﾠexplore	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠ
chemistry	 ﾠand	 ﾠprepared	 ﾠa	 ﾠmore	 ﾠdiverse	 ﾠset	 ﾠof	 ﾠsubstrates	 ﾠto	 ﾠbe	 ﾠprobed.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
a	 ﾠThe	 ﾠresults	 ﾠpresented	 ﾠin	 ﾠtable	 ﾠ8	 ﾠare	 ﾠcourtesy	 ﾠof	 ﾠDr	 ﾠC.	 ﾠTaillier,	 ﾠUniv.	 ﾠLe	 ﾠHavre.	 ﾠ
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2.6.1.	 ﾠScope	 ﾠof	 ﾠthe	 ﾠLinker	 ﾠLength	 ﾠ
We	 ﾠhad	 ﾠsuccessfully	 ﾠperformed	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylations	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠa	 ﾠnew	 ﾠ6-ﾭ‐
membered	 ﾠring,	 ﾠand	 ﾠit	 ﾠwas	 ﾠa	 ﾠnatural	 ﾠprogression	 ﾠto	 ﾠquestion	 ﾠwhether	 ﾠfive	 ﾠand	 ﾠseven-ﾭ‐membered	 ﾠ
rings	 ﾠwere	 ﾠaccessible	 ﾠvia	 ﾠthis	 ﾠapproach.	 ﾠ
	 ﾠ
2.6.1.1.	 ﾠSynthesis	 ﾠof	 ﾠPrecursors	 ﾠ
As	 ﾠpreviously,	 ﾠwe	 ﾠfavoured	 ﾠthe	 ﾠMitsunobu	 ﾠapproach	 ﾠfor	 ﾠthe	 ﾠalkylation	 ﾠof	 ﾠphthalimide	 ﾠover	 ﾠthe	 ﾠ
Gabriel	 ﾠsynthesis,	 ﾠand	 ﾠused	 ﾠalcohols	 ﾠ175	 ﾠand	 ﾠ176	 ﾠto	 ﾠafford	 ﾠimides	 ﾠ177	 ﾠand	 ﾠ178	 ﾠrespectively	 ﾠ(see	 ﾠ
scheme	 ﾠ46	 ﾠand	 ﾠtable	 ﾠ9).	 ﾠ
	 ﾠ
Scheme	 ﾠ46.	 ﾠSynthesis	 ﾠof	 ﾠimides	 ﾠ177	 ﾠand	 ﾠ178	 ﾠfrom	 ﾠalcohols	 ﾠ175	 ﾠand	 ﾠ176	 ﾠusing	 ﾠa	 ﾠMitsunobu	 ﾠ
protocol.	 ﾠ
	 ﾠ
Entry	 ﾠ Imide	 ﾠ(1.2	 ﾠeq.)	 ﾠ Alcohol	 ﾠ(1.0	 ﾠeq.)	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠproduct	 ﾠ(yield)	 ﾠ
1	 ﾠ Phthalimide	 ﾠ 175	 ﾠ
DIAD	 ﾠ(1.2	 ﾠeq.),	 ﾠPPh3	 ﾠ
(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ24	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(56%)	 ﾠ
2	 ﾠ Phthalimide	 ﾠ 176	 ﾠ
DIAD	 ﾠ(1.2	 ﾠeq.),	 ﾠPPh3	 ﾠ
(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ15	 ﾠh	 ﾠ 	 ﾠ
(41%)	 ﾠ
Table	 ﾠ9.	 ﾠSynthesis	 ﾠof	 ﾠimides	 ﾠ177	 ﾠand	 ﾠ178.	 ﾠ
	 ﾠ
With	 ﾠthe	 ﾠimides	 ﾠin	 ﾠhand,	 ﾠour	 ﾠLiBHEt3	 ﾠreduction	 ﾠprotocol	 ﾠafforded	 ﾠhydroxy	 ﾠlactams	 ﾠ179	 ﾠand	 ﾠ180	 ﾠ
(scheme	 ﾠ47	 ﾠand	 ﾠtable	 ﾠ10).	 ﾠ
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Scheme	 ﾠ47.	 ﾠSynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ179	 ﾠand	 ﾠ180	 ﾠfrom	 ﾠimides	 ﾠ177	 ﾠand	 ﾠ178	 ﾠusing	 ﾠa	 ﾠNaBH4	 ﾠ
reduction	 ﾠprotocol.	 ﾠ
	 ﾠ
Entry	 ﾠ Imide	 ﾠ(eq.)	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 177	 ﾠ
LiBHEt3	 ﾠ(1.1	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
-ﾭ‐78	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(59%)	 ﾠ
2	 ﾠ 178	 ﾠ
LiBHEt3	 ﾠ(1.1	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
-ﾭ‐78	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ 	 ﾠ
(61%)	 ﾠ
Table	 ﾠ10.	 ﾠSynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ179	 ﾠand	 ﾠ180.	 ﾠ
	 ﾠ
2.6.1.2.	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
With	 ﾠthe	 ﾠdesired	 ﾠhydroxy	 ﾠlactams	 ﾠin	 ﾠhand,	 ﾠwe	 ﾠsubjected	 ﾠ179	 ﾠto	 ﾠrefluxing	 ﾠ(CHCl2)2	 ﾠwhich	 ﾠrapidly	 ﾠ
afforded	 ﾠus	 ﾠwith	 ﾠthe	 ﾠdesired	 ﾠlactam	 ﾠ181	 ﾠ(table	 ﾠ11,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠHydroxy	 ﾠlactam	 ﾠ180	 ﾠproved	 ﾠmore	 ﾠ
troublesome	 ﾠand	 ﾠultimately	 ﾠunsuccessful	 ﾠ(entries	 ﾠ2-ﾭ‐3),	 ﾠdespite	 ﾠthe	 ﾠcomparative	 ﾠease	 ﾠat	 ﾠwhich	 ﾠ5-ﾭ‐
membered	 ﾠrings	 ﾠare	 ﾠformed	 ﾠvia	 ﾠother	 ﾠapproaches.	 ﾠ	 ﾠEven	 ﾠin	 ﾠa	 ﾠhighly	 ﾠsuccessful	 ﾠTFE/TFA	 ﾠprotocol	 ﾠ
(vide	 ﾠinfra),	 ﾠthe	 ﾠreaction	 ﾠwas	 ﾠnot	 ﾠsuccessful,	 ﾠand	 ﾠthe	 ﾠcompeting	 ﾠreaction	 ﾠof	 ﾠTFE	 ﾠtrapping	 ﾠthe	 ﾠN-ﾭ‐
acyliminium	 ﾠ ion	 ﾠ was	 ﾠ seen	 ﾠ (entry	 ﾠ 3).	 ﾠ	 ﾠThe	 ﾠ building	 ﾠ of	 ﾠ a	 ﾠ three-ﾭ‐dimensional	 ﾠ model	 ﾠ of	 ﾠ the	 ﾠ N-ﾭ‐
acyliminium	 ﾠion	 ﾠprecursor	 ﾠto	 ﾠ182	 ﾠusing	 ﾠa	 ﾠmodelling	 ﾠkit	 ﾠhighlighted	 ﾠa	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠstrain	 ﾠfor	 ﾠ
access	 ﾠof	 ﾠthe	 ﾠaryl	 ﾠring	 ﾠto	 ﾠthe	 ﾠelectrophilic	 ﾠcentre,	 ﾠwhich	 ﾠappears	 ﾠto	 ﾠbe	 ﾠinaccessible	 ﾠin	 ﾠthis	 ﾠsystem.	 ﾠ
	 ﾠ
Scheme	 ﾠ48.	 ﾠThe	 ﾠeffect	 ﾠof	 ﾠlinker	 ﾠlength	 ﾠon	 ﾠα-ﾭ‐amidoalkylation	 ﾠ
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 ﾠ
Entry	 ﾠ
Hydroxy	 ﾠ
lactam	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 179	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ105	 ﾠmin	 ﾠ
	 ﾠ	 ﾠ
(96%)	 ﾠ
2	 ﾠ 180	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ8	 ﾠh	 ﾠ
	 ﾠ	 ﾠ
(0%)
a	 ﾠ
3	 ﾠ 180	 ﾠ TFE,	 ﾠ5	 ﾠmol.	 ﾠ%	 ﾠTFA,	 ﾠ78	 ﾠ
oC,	 ﾠ4	 ﾠh	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(100%)	 ﾠ
Table	 ﾠ11.	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠtransformations	 ﾠachieved	 ﾠin	 ﾠ“acid-ﾭ‐free”	 ﾠand	 ﾠ“catalytic	 ﾠacid”	 ﾠ
conditions.	 ﾠ
aproduct	 ﾠunidentified.	 ﾠ
	 ﾠ
2.6.2.	 ﾠScope	 ﾠof	 ﾠthe	 ﾠNucleophile	 ﾠ
Up	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠwe	 ﾠhad	 ﾠused	 ﾠ3-ﾭ‐methoxyphenyl	 ﾠand	 ﾠ3,4-ﾭ‐dimethoxyphenyl	 ﾠnucleophiles	 ﾠfor	 ﾠthe	 ﾠα-ﾭ‐
amidoalkylations	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠin	 ﾠour	 ﾠsystem,	 ﾠand	 ﾠwe	 ﾠwanted	 ﾠto	 ﾠtest	 ﾠthe	 ﾠscope	 ﾠof	 ﾠmore	 ﾠ
nucleophiles.	 ﾠ
	 ﾠ
2.6.2.1.	 ﾠSynthesis	 ﾠof	 ﾠPrecursors	 ﾠ
In	 ﾠour	 ﾠinventory	 ﾠof	 ﾠchemicals,	 ﾠwe	 ﾠhad	 ﾠphenethyl	 ﾠbromide	 ﾠ186	 ﾠand	 ﾠthiopheneethyl	 ﾠamine	 ﾠ187	 ﾠ
which	 ﾠwe	 ﾠproposed	 ﾠwe	 ﾠcould	 ﾠutilise	 ﾠto	 ﾠfurther	 ﾠtest	 ﾠthe	 ﾠscope	 ﾠof	 ﾠour	 ﾠprotocol.	 ﾠ	 ﾠ168	 ﾠwas	 ﾠreacted	 ﾠ
with	 ﾠphthalimide	 ﾠand	 ﾠ187	 ﾠwas	 ﾠreacted	 ﾠwith	 ﾠphthalic	 ﾠanhydride	 ﾠ(184)	 ﾠand	 ﾠsuccinic	 ﾠanhydride	 ﾠ(185)	 ﾠ
to	 ﾠafford	 ﾠimides	 ﾠ188-ﾭ‐190	 ﾠ(see	 ﾠscheme	 ﾠ47	 ﾠand	 ﾠtable	 ﾠ12).	 ﾠ
	 ﾠ
Scheme	 ﾠ49.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠimides	 ﾠ188-ﾭ‐190	 ﾠusing	 ﾠGabriel	 ﾠand	 ﾠanhydride	 ﾠcondensation	 ﾠ
approaches.	 ﾠ
	 ﾠ
	 ﾠ
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Entry	 ﾠ Dicarbonyl	 ﾠ Aryl	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ
Phthalimide	 ﾠ159	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
186	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
K2CO3	 ﾠ(1.8	 ﾠeq.),	 ﾠMeCN,	 ﾠ82	 ﾠ
oC,	 ﾠ45	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(66%)	 ﾠ
2	 ﾠ
Phthalic	 ﾠ
anhydride	 ﾠ184	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
187	 ﾠ
(1.2	 ﾠeq.)	 ﾠ
Et3N,	 ﾠ(0.2	 ﾠeq.)	 ﾠPhMe,	 ﾠDean-ﾭ‐
Stark,	 ﾠ111	 ﾠ
oC,	 ﾠ16	 ﾠh	 ﾠ 	 ﾠ
(68%)	 ﾠ
3	 ﾠ
Succinic	 ﾠ
anhydride	 ﾠ185	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
187	 ﾠ
(1.2	 ﾠeq.)	 ﾠ
Et3N	 ﾠ(0.2	 ﾠeq.),	 ﾠPhMe,	 ﾠDean-ﾭ‐
Stark,	 ﾠ111	 ﾠ
oC,	 ﾠ18	 ﾠh	 ﾠ 	 ﾠ
(61%)	 ﾠ
Table	 ﾠ12.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠimides	 ﾠ188-ﾭ‐190.	 ﾠ
	 ﾠ
With	 ﾠour	 ﾠimides	 ﾠin	 ﾠhand,	 ﾠwe	 ﾠwere	 ﾠable	 ﾠto	 ﾠaccess	 ﾠthe	 ﾠdesired	 ﾠhydroxy	 ﾠlactams	 ﾠwith	 ﾠa	 ﾠcombination	 ﾠ
of	 ﾠour	 ﾠNaBH4	 ﾠand	 ﾠLiBHEt3	 ﾠprotocols,	 ﾠsince	 ﾠwe	 ﾠsaw	 ﾠpoor	 ﾠreactivity	 ﾠin	 ﾠthe	 ﾠsuccinimide	 ﾠseries	 ﾠas	 ﾠ
before	 ﾠ(table	 ﾠ3,	 ﾠentry	 ﾠ4)	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠhydroxylactam	 ﾠ146	 ﾠ(see	 ﾠscheme	 ﾠ48	 ﾠand	 ﾠtable	 ﾠ13).	 ﾠ
	 ﾠ
Scheme	 ﾠ50.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ191-ﾭ‐193	 ﾠfrom	 ﾠimides	 ﾠ188-ﾭ‐190.	 ﾠ
	 ﾠ
Entry	 ﾠ Imide	 ﾠ(1.0	 ﾠeq.)	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 188	 ﾠ NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH
.HCl,	 ﾠ
EtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ	 ﾠ
(94%)	 ﾠ
2	 ﾠ 189	 ﾠ
NaBH4	 ﾠ(1.5	 ﾠeq.),	 ﾠEtOH
.HCl,	 ﾠ
EtOH,	 ﾠ-ﾭ‐10	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(82%)	 ﾠ
3	 ﾠ 190	 ﾠ
LiBHEt3	 ﾠ(1.1	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
-ﾭ‐78	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(63%)	 ﾠ
Table	 ﾠ13.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactams	 ﾠ191-ﾭ‐193.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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 ﾠ
2.6.2.2.	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
Up	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠthe	 ﾠonly	 ﾠsuccessful	 ﾠreactions	 ﾠachieved	 ﾠwere	 ﾠthose	 ﾠwith	 ﾠmethoxy	 ﾠactivated	 ﾠphenyl	 ﾠ
rings,	 ﾠand	 ﾠwe	 ﾠsought	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠscope	 ﾠof	 ﾠother	 ﾠnucleophiles.	 ﾠ
	 ﾠ
Phenyl	 ﾠNucleophile	 ﾠ
We	 ﾠquestioned	 ﾠwhether	 ﾠan	 ﾠunactivated	 ﾠarene	 ﾠsuch	 ﾠas	 ﾠphenyl	 ﾠwould	 ﾠbe	 ﾠcapable	 ﾠof	 ﾠreacting	 ﾠin	 ﾠα-ﾭ‐
amidoalkylations	 ﾠ using	 ﾠ our	 ﾠ conditions.	 ﾠ 	 ﾠ There	 ﾠ is	 ﾠ precedent	 ﾠ of	 ﾠ a	 ﾠ successful	 ﾠ Bi(OTf)3	 ﾠ promoted	 ﾠ
reaction	 ﾠof	 ﾠphenethyl	 ﾠhydroxy	 ﾠlactam	 ﾠ191	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature.
69	 ﾠWe	 ﾠwere	 ﾠdisappointed	 ﾠto	 ﾠ
see	 ﾠa	 ﾠfailure	 ﾠin	 ﾠour	 ﾠpreviously	 ﾠsuccessful	 ﾠthermal	 ﾠ(CHCl2)2	 ﾠconditions	 ﾠtowards	 ﾠthe	 ﾠcorresponding	 ﾠ
lactam	 ﾠ 194,	 ﾠ despite	 ﾠ a	 ﾠ prolonged	 ﾠ reaction	 ﾠ time	 ﾠ (table	 ﾠ 14,	 ﾠ entry	 ﾠ 1).	 ﾠ	 ﾠWe	 ﾠ isolated	 ﾠ the	 ﾠ starting	 ﾠ
material,	 ﾠhydroxy	 ﾠlactam	 ﾠ 191	 ﾠ as	 ﾠ the	 ﾠ sole	 ﾠ product	 ﾠ of	 ﾠ the	 ﾠ reaction.	 ﾠ 	 ﾠ It	 ﾠ was	 ﾠproposed	 ﾠthe	 ﾠH2O	 ﾠ
evolved	 ﾠ in	 ﾠ the	 ﾠ generation	 ﾠ of	 ﾠ the	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ (the	 ﾠ formation	 ﾠ of	 ﾠ which	 ﾠ was	 ﾠ surely	 ﾠ not	 ﾠ
affected	 ﾠby	 ﾠthe	 ﾠelectronics	 ﾠof	 ﾠthe	 ﾠpendant	 ﾠaryl	 ﾠgroup)	 ﾠwas	 ﾠmore	 ﾠnucleophilic	 ﾠthan	 ﾠthe	 ﾠaromatic	 ﾠ
(and	 ﾠmore	 ﾠso	 ﾠthan	 ﾠthe	 ﾠHO-ﾭ‐Bi(OTf)3
-ﾭ‐	 ﾠfrom	 ﾠthe	 ﾠliterature	 ﾠexample),	 ﾠwhich	 ﾠcould	 ﾠexplain	 ﾠthe	 ﾠfailure	 ﾠ
of	 ﾠ this	 ﾠ reaction.	 ﾠ 	 ﾠ We	 ﾠ considered	 ﾠ whether	 ﾠ a	 ﾠ dehydrating	 ﾠ additive,	 ﾠ such	 ﾠ as	 ﾠ Na2SO4	 ﾠ (which	 ﾠ is	 ﾠ
negligibly	 ﾠacidic)	 ﾠcould	 ﾠremove	 ﾠwater	 ﾠfrom	 ﾠthe	 ﾠreaction	 ﾠmixture	 ﾠand	 ﾠhence	 ﾠprevent	 ﾠthis	 ﾠprocess	 ﾠof	 ﾠ
the	 ﾠleaving	 ﾠgroup	 ﾠquenching	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠbefore	 ﾠthe	 ﾠphenyl	 ﾠgroup	 ﾠcan.	 ﾠ	 ﾠUnfortunately,	 ﾠthe	 ﾠ
addition	 ﾠof	 ﾠNa2SO4	 ﾠalso	 ﾠfailed	 ﾠto	 ﾠfacilitate	 ﾠaccess	 ﾠto	 ﾠlactam	 ﾠ194	 ﾠ(entry	 ﾠ2).	 ﾠ
	 ﾠ
Scheme	 ﾠ51.	 ﾠThe	 ﾠattempted	 ﾠsynthesis	 ﾠof	 ﾠlactam	 ﾠ194	 ﾠfrom	 ﾠhydroxy	 ﾠlactam	 ﾠ191.	 ﾠ
	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 191	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ6	 ﾠh	 ﾠ 	 ﾠ 	 ﾠ
(>99%)	 ﾠ
2	 ﾠ 191	 ﾠ (CHCl2)2,	 ﾠNa2SO4,	 ﾠ147	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ
(>99%)	 ﾠ
Table	 ﾠ14.	 ﾠAttempts	 ﾠtoward	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠlactam	 ﾠ194.	 ﾠ
	 ﾠ
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 ﾠ 38	 ﾠ
Thiophene	 ﾠNucleophile	 ﾠ
Using	 ﾠa	 ﾠpendent	 ﾠthiophene	 ﾠnucleophile,	 ﾠwe	 ﾠsuccessfully	 ﾠ converted	 ﾠ hydroxy	 ﾠ lactam	 ﾠ 192	 ﾠ to	 ﾠ its	 ﾠ
corresponding	 ﾠlactam	 ﾠ195	 ﾠin	 ﾠrefluxing	 ﾠ(CHCl2)2	 ﾠand	 ﾠxylene	 ﾠ(table	 ﾠ15,	 ﾠentry	 ﾠ2	 ﾠand	 ﾠ3	 ﾠrespectively).	 ﾠ	 ﾠ
As	 ﾠ before,	 ﾠ a	 ﾠ thermal	 ﾠ dehydrogenation	 ﾠ was	 ﾠ observed	 ﾠ in	 ﾠ the	 ﾠ reaction	 ﾠ of	 ﾠ succinimide	 ﾠ derived	 ﾠ
hydroxy	 ﾠlactam	 ﾠ193	 ﾠin	 ﾠrefluxing	 ﾠxylene	 ﾠ(entry	 ﾠ5)	 ﾠhowever,	 ﾠsuccessful	 ﾠconversion	 ﾠto	 ﾠlactam	 ﾠ196	 ﾠ
was	 ﾠpossible	 ﾠin	 ﾠ(CHCl2)2	 ﾠ(entry	 ﾠ4).	 ﾠ
	 ﾠ
Scheme	 ﾠ52.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠlactams	 ﾠ195	 ﾠand	 ﾠ196	 ﾠfrom	 ﾠhydroxy	 ﾠlactams	 ﾠ192	 ﾠand	 ﾠ193.	 ﾠ
	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 192	 ﾠ
TFE,	 ﾠTFA	 ﾠ(0.25	 ﾠeq.),	 ﾠ78	 ﾠ
oC,	 ﾠ2	 ﾠ
h	 ﾠ 	 ﾠ 	 ﾠ
(>99%)	 ﾠ
2	 ﾠ 192	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(>99%)	 ﾠ
3	 ﾠ 192	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ6	 ﾠh	 ﾠ 	 ﾠ
(90%)	 ﾠ
4	 ﾠ 193	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ3.5	 ﾠh	 ﾠ 	 ﾠ
(92%)	 ﾠ
5	 ﾠ 193	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ6	 ﾠh	 ﾠ 	 ﾠ
(92%)	 ﾠ
Table	 ﾠ15.	 ﾠ	 ﾠExamples	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠcyclizations	 ﾠwith	 ﾠpendant	 ﾠthiophene	 ﾠnucleophiles.	 ﾠ
	 ﾠ
2.6.3.	 ﾠScope	 ﾠof	 ﾠthe	 ﾠElectrophile	 ﾠ–	 ﾠDiastereoselective	 ﾠExamples	 ﾠ
Stereoselective	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry	 ﾠhas	 ﾠproven	 ﾠdifficult	 ﾠto	 ﾠachieve,	 ﾠas	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠ
the	 ﾠdestruction	 ﾠof	 ﾠany	 ﾠchirality	 ﾠat	 ﾠthe	 ﾠreaction	 ﾠcentre	 ﾠdue	 ﾠto	 ﾠthe	 ﾠtrigonal	 ﾠplanar	 ﾠgeometry	 ﾠof	 ﾠthe	 ﾠ
N-ﾭ‐acyliminium	 ﾠ ion.	 ﾠ	 ﾠAs	 ﾠ a	 ﾠ result,	 ﾠ successful	 ﾠ enantioselective	 ﾠ approaches	 ﾠ are	 ﾠ rare.	 ﾠ 	 ﾠ One	 ﾠ such	 ﾠ
successful	 ﾠexample	 ﾠof	 ﾠJacobsen’s,	 ﾠwas	 ﾠdescribed	 ﾠin	 ﾠsection	 ﾠ1.3.3.2.	 ﾠ	 ﾠExisting	 ﾠchirality	 ﾠelsewhere	 ﾠin	 ﾠ
the	 ﾠ molecule	 ﾠ has	 ﾠ been	 ﾠ successfully	 ﾠ exploited	 ﾠ to	 ﾠ afford	 ﾠ diastereoselective	 ﾠ approaches	 ﾠ with	 ﾠ
N
O
OH
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196 (succinyl)
N
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 ﾠ
moderate	 ﾠto	 ﾠexcellent	 ﾠdr.	 ﾠ	 ﾠFor	 ﾠexample	 ﾠIrikawa	 ﾠet	 ﾠal.
70	 ﾠreported	 ﾠtheir	 ﾠsynthesis	 ﾠof	 ﾠtrichotonum	 ﾠ
and	 ﾠits	 ﾠderivatives,	 ﾠthe	 ﾠde	 ﾠof	 ﾠthe	 ﾠproducts	 ﾠvarying	 ﾠbetween	 ﾠa	 ﾠpreference	 ﾠfor	 ﾠcis	 ﾠvs.	 ﾠtrans	 ﾠof	 ﾠ54-ﾭ‐>99%	 ﾠ
(see	 ﾠfigure	 ﾠ3).	 ﾠ	 ﾠMeanwhile,	 ﾠas	 ﾠdiscussed	 ﾠin	 ﾠsection	 ﾠ1.3.3.2.,	 ﾠYamada	 ﾠet	 ﾠal.	 ﾠachieved	 ﾠup	 ﾠto	 ﾠ>99%	 ﾠde	 ﾠ
for	 ﾠtheir	 ﾠdiastereoselective	 ﾠcyclization	 ﾠtowards	 ﾠtricyclic	 ﾠcarbamate	 ﾠsystems	 ﾠ(scheme	 ﾠ19).	 ﾠ
	 ﾠ
Figure	 ﾠ3.	 ﾠThe	 ﾠeffect	 ﾠof	 ﾠthe	 ﾠnature	 ﾠof	 ﾠR	 ﾠon	 ﾠthe	 ﾠdiastereoselectivity	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠreactions	 ﾠ
towards	 ﾠanalogues	 ﾠof	 ﾠtrichotonum.	 ﾠ
	 ﾠ
We	 ﾠproposed	 ﾠan	 ﾠendo	 ﾠ Diels-ﾭ‐Alder	 ﾠreaction	 ﾠof	 ﾠcyclopentadiene	 ﾠand	 ﾠmaleimide	 ﾠwould	 ﾠafford	 ﾠa	 ﾠ
precursor	 ﾠ to	 ﾠ a	 ﾠ N-ﾭ‐acyliminium	 ﾠ ion	 ﾠ with	 ﾠ inequivalent	 ﾠ faces,	 ﾠ which	 ﾠ would	 ﾠ afford	 ﾠ an	 ﾠ approach	 ﾠ
towards	 ﾠfacial	 ﾠselectivity	 ﾠin	 ﾠthe	 ﾠcyclization	 ﾠstep	 ﾠ(scheme	 ﾠ51).	 ﾠ
	 ﾠ
Scheme	 ﾠ53.	 ﾠOutline	 ﾠof	 ﾠour	 ﾠdiastereoselective	 ﾠapproach	 ﾠin	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylations.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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2.6.3.1.	 ﾠSynthesis	 ﾠof	 ﾠPrecursors	 ﾠ
We	 ﾠproposed	 ﾠa	 ﾠthree-ﾭ‐step	 ﾠsynthetic	 ﾠplan	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ203	 ﾠ(scheme	 ﾠ52).	 ﾠ	 ﾠ
Using	 ﾠfreshly	 ﾠcracked	 ﾠcyclopentadiene	 ﾠ199,	 ﾠan	 ﾠendo	 ﾠDiels-ﾭ‐Alder	 ﾠreaction	 ﾠafforded	 ﾠus	 ﾠwith	 ﾠimide	 ﾠ
201.	 ﾠ	 ﾠUsing	 ﾠthe	 ﾠGabriel	 ﾠalkylation	 ﾠprotocol	 ﾠand	 ﾠsubsequent	 ﾠLiBHEt3	 ﾠreduction,	 ﾠwe	 ﾠwere	 ﾠafforded	 ﾠ
with	 ﾠhydroxy	 ﾠlactam	 ﾠ203.	 ﾠ
	 ﾠ
Scheme	 ﾠ54.	 ﾠSynthesis	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ203.	 ﾠ
	 ﾠ
2.6.3.2.	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
Application	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ203	 ﾠto	 ﾠour	 ﾠreaction	 ﾠconditions	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠquantitative	 ﾠaccess	 ﾠ
to	 ﾠlactam	 ﾠ204	 ﾠwith	 ﾠ>99%	 ﾠde	 ﾠ(as	 ﾠdetermined	 ﾠby	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠa	 ﾠsecond	 ﾠdiastereoisomer	 ﾠin	 ﾠthe	 ﾠ
1H	 ﾠ
NMR	 ﾠspectrum)	 ﾠ(table	 ﾠ16,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠUnfortunately,	 ﾠa	 ﾠsuccessful	 ﾠreaction	 ﾠwas	 ﾠnot	 ﾠachieved	 ﾠin	 ﾠ
refluxing	 ﾠxylene	 ﾠ(entry	 ﾠ2)	 ﾠas	 ﾠwe	 ﾠhad	 ﾠseen	 ﾠin	 ﾠthe	 ﾠsuccinyl	 ﾠseries	 ﾠof	 ﾠexperiments.	 ﾠ
	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 203	 ﾠ (CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ	 ﾠ 	 ﾠ 	 ﾠ
(>99%)	 ﾠde	 ﾠ=	 ﾠ>99%
a	 ﾠ
2	 ﾠ 203	 ﾠ Xylene,	 ﾠ139	 ﾠ
oC,	 ﾠ16	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
Table	 ﾠ16.	 ﾠ	 ﾠDiastereoselective	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠcyclizations.	 ﾠ
ade	 ﾠdetermined	 ﾠby	 ﾠ
1H	 ﾠNMR	 ﾠ
spectrometry.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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2.6.4.	 ﾠIntermolecular	 ﾠReactions	 ﾠ
Up	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠonly	 ﾠintramolecular	 ﾠreactions	 ﾠhad	 ﾠbeen	 ﾠexplored	 ﾠin	 ﾠthis	 ﾠ“reagent-ﾭ‐free”	 ﾠapproach,	 ﾠ
and	 ﾠ it	 ﾠ was	 ﾠ desirable	 ﾠ to	 ﾠ demonstrate	 ﾠ success	 ﾠ with	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ other	 ﾠ π-ﾭ‐nucleophiles	 ﾠ in	 ﾠ
intermolecular	 ﾠreactions.	 ﾠ	 ﾠDue	 ﾠto	 ﾠtheir	 ﾠstability	 ﾠand	 ﾠbroad	 ﾠrange,	 ﾠenols	 ﾠand	 ﾠketo-ﾭ‐enols	 ﾠ(NuH)	 ﾠ
derived	 ﾠfrom	 ﾠketones	 ﾠand	 ﾠ1,3-ﾭ‐dicarbonyls	 ﾠrespectively	 ﾠwere	 ﾠchosen	 ﾠas	 ﾠthe	 ﾠtest	 ﾠagents.	 ﾠ
	 ﾠ
2.6.4.1.	 ﾠSynthesis	 ﾠof	 ﾠPrecursors	 ﾠ
We	 ﾠwere	 ﾠprovided	 ﾠwith	 ﾠimide	 ﾠ205	 ﾠfrom	 ﾠour	 ﾠcollaborators
b	 ﾠwhich	 ﾠwe	 ﾠreduced	 ﾠusing	 ﾠour	 ﾠNaBH4	 ﾠ
protocol	 ﾠto	 ﾠaccess	 ﾠhydroxy	 ﾠlactam	 ﾠ206.	 ﾠ	 ﾠThe	 ﾠrequirement	 ﾠfor	 ﾠa	 ﾠmore	 ﾠreactive	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠ
source	 ﾠ(vide	 ﾠinfra)	 ﾠwas	 ﾠachieved	 ﾠwith	 ﾠthe	 ﾠacylation	 ﾠof	 ﾠ206	 ﾠto	 ﾠN,O-ﾭ‐acetoxy	 ﾠlactam	 ﾠ207.	 ﾠ	 ﾠThese	 ﾠ
reactions	 ﾠare	 ﾠdescribed	 ﾠin	 ﾠscheme	 ﾠ53.	 ﾠ
	 ﾠ
Scheme	 ﾠ55.	 ﾠReduction	 ﾠof	 ﾠimide	 ﾠ205	 ﾠto	 ﾠhydroxy	 ﾠlactam	 ﾠ206	 ﾠand	 ﾠacylation	 ﾠto	 ﾠN,O-ﾭ‐acetoxy	 ﾠlactam	 ﾠ
207.	 ﾠ
	 ﾠ
2.6.4.2.	 ﾠα-ﾭ‐Amidoalkylations	 ﾠ
In	 ﾠapplying	 ﾠour	 ﾠprotocol	 ﾠto	 ﾠintermolecular	 ﾠα-ﾭ‐amidoalkylations,	 ﾠwe	 ﾠwere	 ﾠdisappointed	 ﾠto	 ﾠsee	 ﾠno	 ﾠ
conversion	 ﾠusing	 ﾠhydroxy	 ﾠlactam	 ﾠ206.	 ﾠ	 ﾠWe	 ﾠquestioned	 ﾠwhether	 ﾠa	 ﾠmore	 ﾠreactive	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠ
precursor	 ﾠwould	 ﾠfacilitate	 ﾠthese	 ﾠreactions,	 ﾠand	 ﾠacylation	 ﾠof	 ﾠthe	 ﾠparent	 ﾠhydroxy	 ﾠlactam	 ﾠto	 ﾠN,O-ﾭ‐
acetoxy	 ﾠlactam	 ﾠ207	 ﾠdid	 ﾠenable	 ﾠsuccessful	 ﾠreaction	 ﾠwith	 ﾠvarious	 ﾠenol	 ﾠand	 ﾠketo	 ﾠenol	 ﾠnucleophiles	 ﾠ
(scheme	 ﾠ54	 ﾠand	 ﾠtable	 ﾠ17).	 ﾠ	 ﾠThis	 ﾠsuccess	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠthe	 ﾠincreased	 ﾠacidity	 ﾠof	 ﾠthe	 ﾠsystem,	 ﾠdue	 ﾠto	 ﾠ
the	 ﾠgeneration	 ﾠin	 ﾠsitu	 ﾠof	 ﾠ1	 ﾠeq.	 ﾠof	 ﾠAcOH	 ﾠduring	 ﾠthe	 ﾠprogress	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠformation,	 ﾠor	 ﾠthe	 ﾠ
decreased	 ﾠnucleophilicity	 ﾠof	 ﾠAcOH	 ﾠvs.	 ﾠH2O	 ﾠin	 ﾠquenching	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
b	 ﾠImide	 ﾠ205	 ﾠprovided	 ﾠby	 ﾠVincent	 ﾠDalla,	 ﾠUniversity	 ﾠof	 ﾠLe	 ﾠHavre.	 ﾠNovember	 ﾠ2009.	 ﾠ
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 ﾠ
Scheme	 ﾠ56.	 ﾠIntermolecular	 ﾠα-ﾭ‐amidoalkylations.	 ﾠ
	 ﾠ
Entry	 ﾠ
N,O-ﾭ‐Acetoxy	 ﾠ
lactam	 ﾠ
NuH	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 207	 ﾠ
208	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ7.5	 ﾠh	 ﾠ
	 ﾠ
(100%)	 ﾠ
2	 ﾠ 207	 ﾠ
209	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ14.5	 ﾠh	 ﾠ
	 ﾠ
(77%)	 ﾠ
3	 ﾠ 207	 ﾠ
210	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ8	 ﾠh	 ﾠ
	 ﾠ
(87%)	 ﾠ
4	 ﾠ 207	 ﾠ
211	 ﾠ
(3.0	 ﾠeq.)	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ14	 ﾠh	 ﾠ
	 ﾠ
(65%)	 ﾠ
Table	 ﾠ17.	 ﾠResults	 ﾠof	 ﾠthe	 ﾠintermolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry	 ﾠof	 ﾠacetoxy	 ﾠlactam	 ﾠ207	 ﾠand	 ﾠa	 ﾠ
range	 ﾠof	 ﾠcarbonyl	 ﾠand	 ﾠ1,3-ﾭ‐dicarbonyl	 ﾠcompounds.
c	 ﾠ
	 ﾠ
2.6.4.2.	 ﾠA	 ﾠSuccessful	 ﾠReturn	 ﾠof	 ﾠHydroxy	 ﾠLactams	 ﾠ
With	 ﾠ the	 ﾠ discovery	 ﾠ of	 ﾠ a	 ﾠ thermal	 ﾠ degradation	 ﾠ of	 ﾠ (CHCl2)2	 ﾠ and	 ﾠ the	 ﾠ observation	 ﾠ that	 ﾠ preheated	 ﾠ
(CHCl2)2	 ﾠimproves	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠthis	 ﾠchemistry	 ﾠ(table	 ﾠ8),	 ﾠpre-ﾭ‐heated	 ﾠ(CHCl2)2	 ﾠwas	 ﾠutilised	 ﾠin	 ﾠthe	 ﾠ
reaction	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ206	 ﾠand	 ﾠa	 ﾠseries	 ﾠof	 ﾠNuH	 ﾠcompounds	 ﾠ–	 ﾠthe	 ﾠsubstrates	 ﾠwhich	 ﾠpreviously	 ﾠ
had	 ﾠ failed	 ﾠ in	 ﾠ our	 ﾠ standard	 ﾠ (CHCl2)2	 ﾠ conditions.	 ﾠ	 ﾠWe	 ﾠ chose	 ﾠ the	 ﾠ most	 ﾠ reactive	 ﾠ nucleophile	 ﾠ –	 ﾠ
acetylacetone	 ﾠ(208)	 ﾠand	 ﾠthe	 ﾠleast	 ﾠreactive	 ﾠnucleophile	 ﾠ–	 ﾠcyclohexanone	 ﾠ(211)	 ﾠto	 ﾠtest	 ﾠthe	 ﾠscope	 ﾠof	 ﾠ
this	 ﾠsystem.	 ﾠ	 ﾠWe	 ﾠwere	 ﾠpleased	 ﾠto	 ﾠobserve	 ﾠthe	 ﾠcorresponding	 ﾠproducts	 ﾠon	 ﾠthis	 ﾠoccasion	 ﾠ(table	 ﾠ18,	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
c	 ﾠResults	 ﾠcourtesy	 ﾠof	 ﾠDr	 ﾠC.	 ﾠTallier,	 ﾠUniversity	 ﾠof	 ﾠLe	 ﾠHavre.	 ﾠ
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entries	 ﾠ1-ﾭ‐2).	 ﾠ	 ﾠHaving	 ﾠseen	 ﾠrate	 ﾠenhancements	 ﾠin	 ﾠthe	 ﾠintramolecular	 ﾠseries	 ﾠof	 ﾠreactions,	 ﾠwe	 ﾠagain	 ﾠ
employed	 ﾠμW	 ﾠirradiation	 ﾠin	 ﾠan	 ﾠattempt	 ﾠto	 ﾠfurther	 ﾠimprove	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠthese	 ﾠreactions,	 ﾠand	 ﾠ
chose	 ﾠthe	 ﾠsame	 ﾠnucleophiles,	 ﾠ208	 ﾠand	 ﾠ211	 ﾠ(entries	 ﾠ3-ﾭ‐4).	 ﾠ	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ NuH	 ﾠ Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1
d	 ﾠ 206	 ﾠ
208	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
Pre-ﾭ‐heated	 ﾠ(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
6	 ﾠh	 ﾠ 	 ﾠ
(87%)	 ﾠ
2
d	 ﾠ 206	 ﾠ
211	 ﾠ
(3.0	 ﾠeq.)	 ﾠ
Pre-ﾭ‐heated	 ﾠ(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
14	 ﾠh	 ﾠ 	 ﾠ
(74%)	 ﾠ
3	 ﾠ 206	 ﾠ
208	 ﾠ
(1.5	 ﾠeq.)	 ﾠ
μW,	 ﾠ(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ300	 ﾠW,	 ﾠ
30	 ﾠmin	 ﾠ 	 ﾠ
(>99%)	 ﾠ
4	 ﾠ 206	 ﾠ
211	 ﾠ
(3.0	 ﾠeq.)	 ﾠ
μW,	 ﾠ(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ300	 ﾠW,	 ﾠ
60	 ﾠmin	 ﾠ 	 ﾠ
(>99%)	 ﾠ
Table	 ﾠ18.	 ﾠComparison	 ﾠof	 ﾠthermal	 ﾠvs.	 ﾠμW	 ﾠheating	 ﾠin	 ﾠintermolecular	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠreactions.	 ﾠ
	 ﾠ
As	 ﾠ can	 ﾠ be	 ﾠ seen	 ﾠ from	 ﾠ the	 ﾠ results	 ﾠ presented	 ﾠ in	 ﾠ table	 ﾠ 18,	 ﾠ an	 ﾠ impressive	 ﾠ enhancement	 ﾠ in	 ﾠ the	 ﾠ
preparation	 ﾠof	 ﾠsubstrates	 ﾠ212	 ﾠand	 ﾠ215	 ﾠwas	 ﾠobserved	 ﾠusing	 ﾠμW	 ﾠirradiation.	 ﾠ	 ﾠA	 ﾠ12	 ﾠand	 ﾠ14	 ﾠfold	 ﾠrate	 ﾠ
enhancement	 ﾠ for	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ 212	 ﾠ and	 ﾠ 215	 ﾠ respectively	 ﾠ and	 ﾠ an	 ﾠ improvement	 ﾠ in	 ﾠ yield	 ﾠ
compared	 ﾠ to	 ﾠ our	 ﾠ pre-ﾭ‐heated	 ﾠconditions	 ﾠ was	 ﾠobserved.	 ﾠ 	 ﾠ This	 ﾠ is	 ﾠ far	 ﾠ beyond	 ﾠ the	 ﾠ observed	 ﾠ rate	 ﾠ
enhancements	 ﾠfor	 ﾠμW	 ﾠirradiated	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylations	 ﾠin	 ﾠ(CHCl2)2,	 ﾠand	 ﾠis	 ﾠan	 ﾠexciting	 ﾠ
observation.	 ﾠ	 ﾠIn	 ﾠcomparison	 ﾠto	 ﾠliterature	 ﾠprecedent,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠ1	 ﾠmol.	 ﾠ%	 ﾠof	 ﾠSn(NTf2)4	 ﾠyielded	 ﾠ
lactam	 ﾠ212	 ﾠin	 ﾠ>99%	 ﾠyield	 ﾠafter	 ﾠ4	 ﾠh	 ﾠat	 ﾠ60	 ﾠ
oC
46	 ﾠand	 ﾠthis	 ﾠdemonstrates	 ﾠonce	 ﾠagain	 ﾠthat	 ﾠthis	 ﾠ“reagent-ﾭ‐
free”	 ﾠapproach	 ﾠunder	 ﾠμW	 ﾠirradiation	 ﾠcan	 ﾠmatch	 ﾠand,	 ﾠarguably	 ﾠimprove	 ﾠupon	 ﾠprocedures	 ﾠusing	 ﾠ
highly	 ﾠactive	 ﾠLewis	 ﾠacids.	 ﾠ
	 ﾠ
2.7.	 ﾠFurther	 ﾠμW	 ﾠExamples	 ﾠ
As	 ﾠ the	 ﾠ initial	 ﾠ series	 ﾠ of	 ﾠ intramolecular	 ﾠ reactions	 ﾠ and	 ﾠ the	 ﾠ subsequent	 ﾠ intermolecular	 ﾠ reactions	 ﾠ
showed	 ﾠimpressive	 ﾠrate	 ﾠenhancements	 ﾠwith	 ﾠμW	 ﾠirradiation	 ﾠcompared	 ﾠto	 ﾠtraditional	 ﾠheating,	 ﾠwe	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
d	 ﾠResults	 ﾠcourtesy	 ﾠof	 ﾠDr	 ﾠC.	 ﾠTaillier,	 ﾠUniversity	 ﾠof	 ﾠLe	 ﾠHavre.	 ﾠ
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 ﾠ
decided	 ﾠto	 ﾠapply	 ﾠµW	 ﾠirradiation	 ﾠto	 ﾠsome	 ﾠmore	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylation	 ﾠreactions	 ﾠ(table	 ﾠ
19).	 ﾠ 	 ﾠ In	 ﾠ line	 ﾠ with	 ﾠ previous	 ﾠ observations,	 ﾠ a	 ﾠ definite	 ﾠ trend	 ﾠ in	 ﾠ both	 ﾠ yield	 ﾠ and	 ﾠ reaction	 ﾠ rate	 ﾠ
enhancements	 ﾠcan	 ﾠbe	 ﾠseen	 ﾠby	 ﾠthe	 ﾠresults	 ﾠpresented.	 ﾠ
Entry	 ﾠ Hydroxy	 ﾠlactam	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
	 ﾠ 	 ﾠ
Thermal	 ﾠ μW	 ﾠ Thermal	 ﾠ μW	 ﾠ
1	 ﾠ
	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ105	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ60	 ﾠmin	 ﾠ 	 ﾠ
(96%)	 ﾠ
	 ﾠ
(97)	 ﾠ
2	 ﾠ
	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ60	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ38	 ﾠmin	 ﾠ 	 ﾠ
(>99%)	 ﾠ
	 ﾠ
(>99%)	 ﾠ
3	 ﾠ
	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ60	 ﾠmin	 ﾠ
(CHCl2)2,	 ﾠ147	 ﾠ
oC,	 ﾠ
300	 ﾠW,	 ﾠ38	 ﾠmin	 ﾠ 	 ﾠ
(90%)	 ﾠ
	 ﾠ
(>99%)	 ﾠ
Table	 ﾠ19.	 ﾠComparison	 ﾠof	 ﾠreaction	 ﾠtimes	 ﾠand	 ﾠyields	 ﾠwith	 ﾠthermal	 ﾠvs.	 ﾠμW	 ﾠheating.	 ﾠ
	 ﾠ 	 ﾠ
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 ﾠ
3.	 ﾠConclusion	 ﾠ
To	 ﾠsummarise,	 ﾠwe	 ﾠreport	 ﾠthe	 ﾠdiscovery	 ﾠof	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠchemistry	 ﾠproceeding	 ﾠwithout	 ﾠthe	 ﾠ
addition	 ﾠof	 ﾠan	 ﾠexternal	 ﾠacid	 ﾠsource,	 ﾠwith	 ﾠactivity	 ﾠseen	 ﾠin	 ﾠ4	 ﾠsolvents	 ﾠof	 ﾠa	 ﾠsmall	 ﾠsolvent	 ﾠscreen	 ﾠ–	 ﾠ
xylene,	 ﾠTFE,	 ﾠHFIP	 ﾠand	 ﾠ(CHCl2)2.	 ﾠ	 ﾠThe	 ﾠmost	 ﾠimpressive	 ﾠresults	 ﾠin	 ﾠterms	 ﾠof	 ﾠreaction	 ﾠyield	 ﾠand	 ﾠtime	 ﾠ
have	 ﾠ been	 ﾠ afforded	 ﾠ from	 ﾠ reflux	 ﾠ in	 ﾠ (CHCl2)2,	 ﾠ and	 ﾠ improved	 ﾠ upon	 ﾠ further	 ﾠ with	 ﾠ μW	 ﾠ irradiation.	 ﾠ	 ﾠ
Tentative	 ﾠmechanistic	 ﾠinvestigations	 ﾠhave	 ﾠrevealed	 ﾠthe	 ﾠreactions	 ﾠinvolving	 ﾠ(CHCl2)2	 ﾠare	 ﾠcatalysed	 ﾠ
by	 ﾠthe	 ﾠin	 ﾠ situ	 ﾠ generation	 ﾠ of	 ﾠ HCl	 ﾠ via	 ﾠ a	 ﾠ thermal	 ﾠ degradation	 ﾠ of	 ﾠthe	 ﾠsolvent.	 ﾠ 	 ﾠ Evidence	 ﾠ for	 ﾠ this	 ﾠ
conclusion	 ﾠ can	 ﾠ be	 ﾠ found	 ﾠ in	 ﾠ the	 ﾠ successful	 ﾠ cyclization	 ﾠ of	 ﾠ hydroxy	 ﾠ lactam	 ﾠ 165	 ﾠ in	 ﾠ significantly	 ﾠ
reduced	 ﾠreaction	 ﾠtime	 ﾠand	 ﾠtemperature	 ﾠusing	 ﾠpre-ﾭ‐heated	 ﾠ(CHCl2)2	 ﾠ(table	 ﾠ8).	 ﾠ	 ﾠThe	 ﾠexplanation	 ﾠof	 ﾠ
the,	 ﾠ albeit	 ﾠ less	 ﾠ successful	 ﾠ xylene	 ﾠ protocol,	 ﾠ has	 ﾠ been	 ﾠ rationalised	 ﾠ by	 ﾠ acidic	 ﾠ glassware	 ﾠ residues	 ﾠ
acting	 ﾠas	 ﾠa	 ﾠcatalytic	 ﾠreaction	 ﾠactivator.	 ﾠ	 ﾠEvidence	 ﾠfor	 ﾠthis	 ﾠconclusion	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠ
cyclization	 ﾠof	 ﾠhydroxy	 ﾠlactam	 ﾠ164	 ﾠunder	 ﾠstandard	 ﾠconditions	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠsub-ﾭ‐stoichiometric	 ﾠ
quantities	 ﾠ of	 ﾠ DABCO	 ﾠ (table	 ﾠ 7).	 ﾠ	 ﾠFurther	 ﾠ investigation	 ﾠ has	 ﾠ identified	 ﾠ there	 ﾠ most	 ﾠ certainly	 ﾠ is	 ﾠ
activation	 ﾠof	 ﾠthe	 ﾠleaving	 ﾠgroup	 ﾠto	 ﾠfacilitate	 ﾠthe	 ﾠformation	 ﾠof	 ﾠthe	 ﾠN-ﾭ‐acyliminium	 ﾠion	 ﾠand	 ﾠhas	 ﾠruled	 ﾠ
out	 ﾠ the	 ﾠ possibility	 ﾠ of	 ﾠ a	 ﾠ bimolecular	 ﾠ activation	 ﾠ pathway.	 ﾠ 	 ﾠ The	 ﾠ results	 ﾠ of	 ﾠ this	 ﾠ (CHCl2)2	 ﾠ protocol	 ﾠ
approach	 ﾠthose	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠfor	 ﾠacid	 ﾠpromoted	 ﾠreactions	 ﾠin	 ﾠsome	 ﾠinstances.	 ﾠ	 ﾠUpon	 ﾠ
μW	 ﾠirradiation,	 ﾠthese	 ﾠactivities	 ﾠmatch	 ﾠand	 ﾠimprove	 ﾠupon	 ﾠestablished	 ﾠliterature	 ﾠutilising	 ﾠacidic	 ﾠ
activation	 ﾠin	 ﾠboth	 ﾠ%	 ﾠconversion	 ﾠand	 ﾠreaction	 ﾠtime.	 ﾠ
	 ﾠ
Finally,	 ﾠDalla	 ﾠet	 ﾠal.	 ﾠreported	 ﾠrecently	 ﾠphthalimide	 ﾠderived	 ﾠN-ﾭ‐acyliminium	 ﾠions	 ﾠare	 ﾠpoorly	 ﾠreactive	 ﾠ
under	 ﾠcatalytic	 ﾠacidic	 ﾠactivation,	 ﾠeven	 ﾠwith	 ﾠthe	 ﾠuse	 ﾠof	 ﾠthe	 ﾠnew	 ﾠ“superacidic”	 ﾠLewis	 ﾠacids	 ﾠsuch	 ﾠas	 ﾠ
Sn(NTf2)4.
71	 ﾠ Given	 ﾠ the	 ﾠ most	 ﾠ impressive	 ﾠ results	 ﾠ of	 ﾠ the	 ﾠ chemistry	 ﾠ reported	 ﾠ here	 ﾠ involves	 ﾠ the	 ﾠ
phthalimide	 ﾠ derived	 ﾠ N-ﾭ‐acyliminium	 ﾠ ions,	 ﾠ this	 ﾠ “reagent-ﾭ‐free”	 ﾠ approach	 ﾠ may	 ﾠ have	 ﾠ further	 ﾠ
application	 ﾠgiven	 ﾠthe	 ﾠimpressive	 ﾠyields	 ﾠand	 ﾠshort	 ﾠreaction	 ﾠtimes	 ﾠ(particularly	 ﾠupon	 ﾠμW	 ﾠirradiation)	 ﾠ
observed.	 ﾠ 46	 ﾠ
	 ﾠ 	 ﾠ  47	 ﾠ
Chapter	 ﾠ2	 ﾠ
THE	 ﾠTOTAL	 ﾠSYNTHESIS	 ﾠOF	 ﾠPYRROLOQUINOLINE	 ﾠNATURAL	 ﾠPRODUCTS	 ﾠ
Marinoquinolines,	 ﾠAplidiopsamine	 ﾠA	 ﾠand	 ﾠSAR	 ﾠInvestigations	 ﾠ
	 ﾠ
1.	 ﾠIntroduction	 ﾠ
A	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠresearch,	 ﾠdating	 ﾠas	 ﾠfar	 ﾠback	 ﾠas	 ﾠthe	 ﾠmid-ﾭ‐20
th	 ﾠcentury	 ﾠhas	 ﾠbeen	 ﾠundertaken	 ﾠin	 ﾠthe	 ﾠ
field	 ﾠof	 ﾠpyrroloquinoline	 ﾠsyntheses,	 ﾠgiven	 ﾠtheir	 ﾠgreat	 ﾠprevalence	 ﾠin	 ﾠnature	 ﾠas	 ﾠbioactive	 ﾠalkaloids.	 ﾠ	 ﾠ
This	 ﾠ research	 ﾠ has	 ﾠ continued	 ﾠ at	 ﾠ a	 ﾠ pace,	 ﾠ with	 ﾠ several	 ﾠ recent	 ﾠ publications	 ﾠ in	 ﾠ the	 ﾠ fields	 ﾠ of	 ﾠ
synthesis
72,73	 ﾠ and	 ﾠ isolation
74,75	 ﾠ of	 ﾠ related	 ﾠ molecules.	 ﾠ	 ﾠOur	 ﾠ interest	 ﾠ in	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ 3H-ﾭ‐
pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠspecifically,	 ﾠ was	 ﾠprompted	 ﾠby	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠaplidiopsamine	 ﾠ A
74	 ﾠ and	 ﾠ
marinoquinolines	 ﾠA-ﾭ‐F
75	 ﾠfrom	 ﾠnatural	 ﾠsources	 ﾠ–	 ﾠthe	 ﾠonly	 ﾠreported	 ﾠnatural	 ﾠproducts	 ﾠof	 ﾠthis	 ﾠtype	 ﾠ
(figure	 ﾠ 4).	 ﾠ 	 ﾠ Marinoquinoline	 ﾠ A	 ﾠ was	 ﾠ first	 ﾠ isolated	 ﾠ from	 ﾠ the	 ﾠ marine	 ﾠ gliding	 ﾠ bacteria	 ﾠ Rapidithrix	 ﾠ
thailandica	 ﾠTISTR	 ﾠ1742	 ﾠby	 ﾠPlubrukarn	 ﾠet	 ﾠal.	 ﾠin	 ﾠ2008.
76	 ﾠThe	 ﾠauthors	 ﾠreport	 ﾠthe	 ﾠcompound	 ﾠto	 ﾠhave	 ﾠ
interesting	 ﾠinhibitory	 ﾠactivity	 ﾠupon	 ﾠacetylcholinesterase	 ﾠ–	 ﾠimportant	 ﾠin	 ﾠthe	 ﾠtermination	 ﾠof	 ﾠneural	 ﾠ
synaptic	 ﾠ transmissions	 ﾠ (IC50	 ﾠ =	 ﾠ 4.9	 ﾠ μM	 ﾠ vs.	 ﾠ Torpedo	 ﾠ californica).	 ﾠ 	 ﾠ Therapeutically,	 ﾠ
acetylcholinesterase	 ﾠ(AChE)	 ﾠis	 ﾠan	 ﾠimportant	 ﾠtarget	 ﾠfor	 ﾠthe	 ﾠtreatment	 ﾠof	 ﾠglaucoma	 ﾠ(for	 ﾠexample,	 ﾠby	 ﾠ
the	 ﾠ alkaloid	 ﾠ physostigmine)	 ﾠ and	 ﾠ Alzheimer’s	 ﾠ disease	 ﾠ (for	 ﾠ example,	 ﾠ by	 ﾠ the	 ﾠ synthetic	 ﾠ drug	 ﾠ
donepazil).
77	 ﾠShortly	 ﾠafter	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠmarinoquinoline	 ﾠA,	 ﾠaplidiopsamine	 ﾠA	 ﾠwas	 ﾠisolated	 ﾠfrom	 ﾠ
the	 ﾠAustralian	 ﾠascidian	 ﾠAplidiopsis	 ﾠconfluata,	 ﾠand	 ﾠbears	 ﾠthe	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinoline	 ﾠheterocycle	 ﾠ
attached	 ﾠto	 ﾠadenine	 ﾠvia	 ﾠa	 ﾠmethylene	 ﾠlinker	 ﾠ(see	 ﾠfigure	 ﾠ4).	 ﾠ	 ﾠInitial	 ﾠscreening	 ﾠrevealed	 ﾠinteresting	 ﾠ
and	 ﾠselective	 ﾠcytotoxic	 ﾠactivity	 ﾠagainst	 ﾠPlasmodium	 ﾠfalciparum	 ﾠcomparative	 ﾠto	 ﾠhuman	 ﾠcells	 ﾠ–	 ﾠan	 ﾠ
interesting	 ﾠdiscovery,	 ﾠgiven	 ﾠthe	 ﾠemergence	 ﾠof	 ﾠstrains	 ﾠresistant	 ﾠto	 ﾠchloroquine.
74	 ﾠShortly	 ﾠafter	 ﾠthis	 ﾠ
discovery,	 ﾠ Müller	 ﾠ et	 ﾠ al.	 ﾠ reported	 ﾠ the	 ﾠ isolation	 ﾠ of	 ﾠ marinoquinolines	 ﾠ A-ﾭ‐F	 ﾠ from	 ﾠ the	 ﾠ bacterium	 ﾠ
Ohtaekwangia	 ﾠkribbensis.	 ﾠ	 ﾠThese	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolone	 ﾠnatural	 ﾠproducts	 ﾠwere	 ﾠsubstituted	 ﾠ
by	 ﾠaliphatic,	 ﾠaromatic	 ﾠand	 ﾠheteroaromatic	 ﾠgroups	 ﾠin	 ﾠposition	 ﾠ4	 ﾠof	 ﾠa	 ﾠheterocyclic	 ﾠskeleton,	 ﾠand	 ﾠin	 ﾠ
addition	 ﾠ to	 ﾠ activity	 ﾠ against	 ﾠ Plasmodium	 ﾠ falciparum,	 ﾠ showed	 ﾠ interesting	 ﾠ cytotoxic	 ﾠ activity	 ﾠ and	 ﾠ
weak	 ﾠantibacterial	 ﾠand	 ﾠantifungal	 ﾠactivity.	 ﾠ	 ﾠ 48	 ﾠ
	 ﾠ
Figure	 ﾠ4.	 ﾠ	 ﾠThe	 ﾠstructure	 ﾠof	 ﾠaplidiopsamine	 ﾠA	 ﾠand	 ﾠmarinoquinolines	 ﾠA-ﾭ‐F.	 ﾠ
	 ﾠ
Given	 ﾠthe	 ﾠrecent	 ﾠdiscoveries	 ﾠof	 ﾠnatural	 ﾠproducts	 ﾠof	 ﾠthis	 ﾠclass,	 ﾠwe	 ﾠbegan	 ﾠexploring	 ﾠsynthetic	 ﾠroutes	 ﾠ
to	 ﾠaccess	 ﾠthem,	 ﾠand	 ﾠa	 ﾠsmall	 ﾠlibrary	 ﾠof	 ﾠanalogues.	 ﾠ
	 ﾠ
1.1	 ﾠExamples	 ﾠfrom	 ﾠthe	 ﾠLiterature	 ﾠfor	 ﾠthe	 ﾠPreparation	 ﾠof	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠ
In	 ﾠ1961,	 ﾠGovindachari	 ﾠet	 ﾠal.	 ﾠreported	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠa	 ﾠseries	 ﾠof	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠ
and	 ﾠindolo[2,3-ﾭ‐c]quinolines	 ﾠvia	 ﾠa	 ﾠFischer	 ﾠindole	 ﾠsynthesis.
78	 ﾠDespite	 ﾠthe	 ﾠsuccess	 ﾠof	 ﾠthis	 ﾠapproach,	 ﾠ
very	 ﾠhigh	 ﾠtemperatures	 ﾠ(>200	 ﾠ
oC)	 ﾠand	 ﾠ8	 ﾠeq.	 ﾠof	 ﾠZnCl2	 ﾠwere	 ﾠrequired,	 ﾠwith	 ﾠwidely	 ﾠvarying	 ﾠdegrees	 ﾠof	 ﾠ
success	 ﾠ(yields	 ﾠof	 ﾠ7-ﾭ‐77%)	 ﾠ(scheme	 ﾠ55).	 ﾠ
	 ﾠ
Scheme	 ﾠ55.	 ﾠ	 ﾠGovindachari’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines.	 ﾠ
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In	 ﾠ 1976,	 ﾠ Parrick	 ﾠ et	 ﾠ al.	 ﾠ described	 ﾠ their	 ﾠ approaches	 ﾠ to	 ﾠ pyrrolo[3,2-ﾭ‐b]-ﾭ‐,	 ﾠ pyrrolo[3,2-ﾭ‐c]-ﾭ‐,	 ﾠ and	 ﾠ
pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠ involving	 ﾠ the	 ﾠ acid	 ﾠ mediated	 ﾠ pyrrole	 ﾠ formation	 ﾠ from	 ﾠ 3-ﾭ‐amino-ﾭ‐2-ﾭ‐
methylquinoline	 ﾠand	 ﾠtriethyl	 ﾠorthoformate.
79	 ﾠThis	 ﾠprocedure	 ﾠappears	 ﾠto	 ﾠbe	 ﾠan	 ﾠimprovement	 ﾠon	 ﾠ
Govindachari’s,	 ﾠwith	 ﾠreactions	 ﾠin	 ﾠsaturated	 ﾠethanolic	 ﾠHCl	 ﾠaffording	 ﾠ1H-ﾭ‐pyrrolo[3,2-ﾭ‐b]quinolines	 ﾠ
and	 ﾠ1H-ﾭ‐pyrrolo[3,2-ﾭ‐c]quinolines	 ﾠin	 ﾠgood	 ﾠyield.	 ﾠ	 ﾠ3H-ﾭ‐Pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠwere	 ﾠprepared	 ﾠin	 ﾠthe	 ﾠ
same	 ﾠfashion	 ﾠaffording	 ﾠthe	 ﾠcorresponding	 ﾠproducts	 ﾠin	 ﾠ70-ﾭ‐75%	 ﾠyield	 ﾠ(scheme	 ﾠ56).	 ﾠ
	 ﾠ
Scheme	 ﾠ56.	 ﾠParrick’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolones.	 ﾠ
	 ﾠ
In	 ﾠ1993,	 ﾠMolina	 ﾠet	 ﾠal.	 ﾠprepared	 ﾠa	 ﾠsmall	 ﾠselection	 ﾠof	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠvia	 ﾠa	 ﾠMorgan-ﾭ‐
Walls	 ﾠreaction,	 ﾠfollowed	 ﾠby	 ﾠbenzylic	 ﾠoxidation	 ﾠand	 ﾠPaal-ﾭ‐Knorr	 ﾠpyrrole	 ﾠsynthesis	 ﾠ(scheme	 ﾠ57).
80	 ﾠ
	 ﾠ
Scheme	 ﾠ57.	 ﾠ	 ﾠMolina’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines.	 ﾠ
	 ﾠ
Touillaux	 ﾠ applied	 ﾠ a	 ﾠ Suzuki-ﾭ‐Miyaura	 ﾠ cross-ﾭ‐coupling	 ﾠ reaction	 ﾠ of	 ﾠ boronic	 ﾠ acids	 ﾠ to	 ﾠ synthetically	 ﾠ
prepared	 ﾠpyrroles	 ﾠfollowed	 ﾠby	 ﾠan	 ﾠintramolecular	 ﾠreductive	 ﾠcyclization	 ﾠ(scheme	 ﾠ58).
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 ﾠ
Scheme	 ﾠ58.	 ﾠ	 ﾠTouillaux’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines.	 ﾠ
	 ﾠ
Banwell	 ﾠet	 ﾠal.,	 ﾠin	 ﾠtheir	 ﾠrecent	 ﾠsyntheses	 ﾠof	 ﾠquinolines	 ﾠprepared	 ﾠrelated	 ﾠquinoline	 ﾠcompounds	 ﾠvia	 ﾠ
Ullmann	 ﾠcross-ﾭ‐coupling	 ﾠreaction	 ﾠfollowed	 ﾠby	 ﾠa	 ﾠreductive	 ﾠcondensation/cyclization,	 ﾠmuch	 ﾠlike	 ﾠthat	 ﾠ
of	 ﾠTouillaux	 ﾠ(scheme	 ﾠ59).
82	 ﾠ
	 ﾠ
Scheme	 ﾠ59.	 ﾠ	 ﾠBanwell’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines.	 ﾠ
	 ﾠ
Very	 ﾠ recently,	 ﾠ Beveridge	 ﾠ et	 ﾠ al.	 ﾠ report	 ﾠ their	 ﾠ very	 ﾠ diverse	 ﾠ approach	 ﾠ towards	 ﾠ pyrrolo-ﾭ‐fused	 ﾠ
heterocycles,	 ﾠ including	 ﾠ pyrroloquinolines	 ﾠ via	 ﾠ a	 ﾠ copper-ﾭ‐catalyzed	 ﾠ chemistry	 ﾠ (scheme	 ﾠ 60).
83	 ﾠ The	 ﾠ
Fischer	 ﾠreaction	 ﾠis	 ﾠthe	 ﾠsame	 ﾠapproach	 ﾠas	 ﾠthat	 ﾠof	 ﾠGovindachari	 ﾠet	 ﾠal.	 ﾠ41	 ﾠyears	 ﾠpreviously.	 ﾠ
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 ﾠ
Scheme	 ﾠ60.	 ﾠ	 ﾠBeveridge’s	 ﾠapproach	 ﾠto	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines	 ﾠ
	 ﾠ
1.2.	 ﾠ	 ﾠOur	 ﾠSynthetic	 ﾠApproach	 ﾠ
Retrosynthetic	 ﾠ analysis	 ﾠ of	 ﾠ the	 ﾠ pyrroloquinoline	 ﾠ heterocycle	 ﾠ and	 ﾠ analysis	 ﾠ of	 ﾠ the	 ﾠ literature	 ﾠ
highlighted	 ﾠ several	 ﾠ potential	 ﾠ routes	 ﾠ towards	 ﾠ the	 ﾠ desired	 ﾠ targets.	 ﾠ 	 ﾠ Of	 ﾠ the	 ﾠ recent	 ﾠ literature,	 ﾠ
Molina’s	 ﾠapproach
80	 ﾠwas	 ﾠinteresting,	 ﾠas	 ﾠit	 ﾠclearly	 ﾠshowed	 ﾠsubstitution	 ﾠof	 ﾠthe	 ﾠdesired	 ﾠposition	 ﾠof	 ﾠ
the	 ﾠ pyrroloquinoline	 ﾠ was	 ﾠ possible,	 ﾠ but	 ﾠ the	 ﾠ authors	 ﾠ described	 ﾠ some	 ﾠ incompatibilities	 ﾠ in	 ﾠ the	 ﾠ
benzylic	 ﾠoxidation	 ﾠand	 ﾠwe	 ﾠwould	 ﾠhave	 ﾠto	 ﾠdevelop	 ﾠa	 ﾠmethod	 ﾠremove	 ﾠthe	 ﾠethyl	 ﾠester	 ﾠfrom	 ﾠthe	 ﾠ
pyrrole.	 ﾠ	 ﾠThe	 ﾠcondensation/cyclizations	 ﾠof	 ﾠToulliaux
81	 ﾠand	 ﾠBanwell
82	 ﾠwere	 ﾠappealing,	 ﾠbut	 ﾠwe	 ﾠwere	 ﾠ
concerned	 ﾠsince	 ﾠthere	 ﾠwere	 ﾠno	 ﾠexamples	 ﾠof	 ﾠsuch	 ﾠreactions	 ﾠproceeding	 ﾠwith	 ﾠketones	 ﾠ(instead	 ﾠof	 ﾠ
aldehydes),	 ﾠwhich	 ﾠwould	 ﾠbe	 ﾠrequired	 ﾠfor	 ﾠthe	 ﾠdesired	 ﾠsubstitution	 ﾠat	 ﾠposition	 ﾠ4	 ﾠof	 ﾠthe	 ﾠquinoline.	 ﾠ
	 ﾠ
We	 ﾠ were	 ﾠ not	 ﾠ entirely	 ﾠ satisfied	 ﾠ with	 ﾠ the	 ﾠ literature	 ﾠ procedures	 ﾠ towards	 ﾠ the	 ﾠ 3H-ﾭ‐pyrrolo[2,3-ﾭ‐
c]quinolines	 ﾠwe	 ﾠwere	 ﾠinterested	 ﾠin	 ﾠpreparing.	 ﾠ	 ﾠDuring	 ﾠretrosynthetic	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠtargets,	 ﾠwe	 ﾠ
envisioned	 ﾠa	 ﾠpotential	 ﾠPictet-ﾭ‐Spengler	 ﾠdisconnection	 ﾠ(scheme	 ﾠ61).	 ﾠ	 ﾠIn	 ﾠexploring	 ﾠthis	 ﾠpossibility,	 ﾠwe	 ﾠ
discovered	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠpyrroloaniline	 ﾠ255	 ﾠby	 ﾠPlubrukarn	 ﾠet	 ﾠal.	 ﾠduring	 ﾠtheir	 ﾠattempts	 ﾠto	 ﾠisolate	 ﾠ
marinoquinoline	 ﾠA	 ﾠfrom	 ﾠthe	 ﾠmarine	 ﾠgliding	 ﾠbacteria	 ﾠRapidithrix	 ﾠthailandica	 ﾠ(figure	 ﾠ5).
76	 ﾠThey	 ﾠalso	 ﾠ
report	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠdihydroquinoline	 ﾠ259,	 ﾠwhich	 ﾠthey	 ﾠreport	 ﾠto	 ﾠbe	 ﾠan	 ﾠartifact	 ﾠof	 ﾠthe	 ﾠextraction	 ﾠ
process	 ﾠvia	 ﾠa	 ﾠPictet-ﾭ‐Spengler	 ﾠreaction	 ﾠwith	 ﾠacetone,	 ﾠsince	 ﾠa	 ﾠrepeated	 ﾠextraction	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠ
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 ﾠ
acetone	 ﾠfailed	 ﾠto	 ﾠprovide	 ﾠ259.	 ﾠ	 ﾠThis	 ﾠobservation	 ﾠis	 ﾠinteresting,	 ﾠsince	 ﾠit	 ﾠindicates	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠa	 ﾠ
related	 ﾠpyrroloquinoline	 ﾠfrom	 ﾠpyrroloaniline	 ﾠ255	 ﾠvia	 ﾠa	 ﾠpresumed	 ﾠPictet-ﾭ‐Spengler	 ﾠreaction.	 ﾠ	 ﾠWe	 ﾠ
proposed	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ the	 ﾠ corresponding	 ﾠ aldehydes	 ﾠ would	 ﾠ provide	 ﾠ access	 ﾠ to	 ﾠ the	 ﾠ desired	 ﾠ
pyrroloquinolines	 ﾠvia	 ﾠtheir	 ﾠdihydroquinoline	 ﾠcounterparts	 ﾠusing	 ﾠa	 ﾠPictet-ﾭ‐Spengler	 ﾠcyclization	 ﾠand	 ﾠ
subsequent	 ﾠ oxidation.	 ﾠ	 ﾠFurthermore,	 ﾠ we	 ﾠ reasoned	 ﾠ a	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ approach	 ﾠ would	 ﾠ be	 ﾠ very	 ﾠ
amenable	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠa	 ﾠdiverse	 ﾠlibrary	 ﾠof	 ﾠcompounds	 ﾠfor	 ﾠSAR	 ﾠinvestigations.	 ﾠ	 ﾠPreparation	 ﾠ
of	 ﾠpyrroloaniline	 ﾠ255	 ﾠ had	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠvia	 ﾠa	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠcross-ﾭ‐coupling	 ﾠ
reaction	 ﾠ of	 ﾠ the	 ﾠ corresponding	 ﾠ protected	 ﾠ pyrroloboronate	 ﾠ ester	 ﾠ and	 ﾠ iodoaniline.
84	 ﾠ We	 ﾠ were	 ﾠ
confident	 ﾠthis	 ﾠwould	 ﾠbe	 ﾠa	 ﾠrapid	 ﾠroute	 ﾠtowards	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolines,	 ﾠand	 ﾠif	 ﾠsuitable,	 ﾠwould	 ﾠ
provide	 ﾠus	 ﾠwith	 ﾠa	 ﾠgeneral	 ﾠapproach	 ﾠto	 ﾠbuild	 ﾠa	 ﾠsmall	 ﾠlibrary	 ﾠof	 ﾠmolecules	 ﾠfor	 ﾠinvestigation	 ﾠof	 ﾠSAR.	 ﾠ
	 ﾠ
Scheme	 ﾠ61.	 ﾠRetrosynthetic	 ﾠanalysis	 ﾠof	 ﾠ3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinoline	 ﾠheterocycle.	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠ5.	 ﾠPlubrukarn	 ﾠet	 ﾠal.,	 ﾠin	 ﾠisolating	 ﾠmarinoquinoline	 ﾠA	 ﾠand	 ﾠpyrroloaniline	 ﾠ255,	 ﾠalso	 ﾠisolated	 ﾠ
dihydroquinoline	 ﾠ259,	 ﾠvia	 ﾠa	 ﾠpresumed	 ﾠPictet-ﾭ‐Spengler	 ﾠreaction	 ﾠof	 ﾠ255	 ﾠand	 ﾠacetone.	 ﾠ
	 ﾠ
1.3.	 ﾠSuzuki	 ﾠReactions	 ﾠof	 ﾠHeterocycles	 ﾠ
Our	 ﾠ initial	 ﾠ synthetic	 ﾠ concept	 ﾠ involved	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ a	 ﾠ Suzuki-ﾭ‐Miyaura	 ﾠ cross-ﾭ‐coupling	 ﾠ reaction	 ﾠ to	 ﾠ
afford	 ﾠ pyrroloaniline	 ﾠ 255,	 ﾠ and	 ﾠ subsequent	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ reaction	 ﾠ to	 ﾠ afford	 ﾠ the	 ﾠ desired	 ﾠ
pyrroloquinoline	 ﾠarchitecture	 ﾠ252	 ﾠvia	 ﾠits	 ﾠdihydroquinoline	 ﾠcounterpart	 ﾠ253	 ﾠ(scheme	 ﾠ61).	 ﾠ	 ﾠSeveral	 ﾠ
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approaches	 ﾠtoward	 ﾠthe	 ﾠcoupling	 ﾠof	 ﾠaryl	 ﾠsubstrates	 ﾠusing	 ﾠSuzuki	 ﾠreactions	 ﾠhave	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠ
the	 ﾠliterature,	 ﾠand	 ﾠinvolve	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠhalo-ﾭ‐aryl	 ﾠand	 ﾠaryl	 ﾠboronic	 ﾠacid/boronate	 ﾠesters.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠ
case	 ﾠof	 ﾠheterocycles	 ﾠsuch	 ﾠas	 ﾠthiophene,	 ﾠfuran	 ﾠand	 ﾠpyrrole,	 ﾠthere	 ﾠare	 ﾠonly	 ﾠsuccessful	 ﾠreports	 ﾠof	 ﾠ
reactions	 ﾠproceeding	 ﾠwhere	 ﾠthe	 ﾠheterocycle	 ﾠbears	 ﾠthe	 ﾠboronic	 ﾠacid/boronate	 ﾠester	 ﾠmoiety.	 ﾠ	 ﾠWhile	 ﾠ
there	 ﾠhas	 ﾠbeen	 ﾠgreat	 ﾠsynthetic	 ﾠendeavour	 ﾠin	 ﾠthe	 ﾠarea	 ﾠof	 ﾠboronic	 ﾠacid	 ﾠpreparation,	 ﾠthe	 ﾠpreparation	 ﾠ
of	 ﾠ heterocycles	 ﾠ of	 ﾠ type	 ﾠ 264	 ﾠ and	 ﾠ 265	 ﾠ remains	 ﾠ challenging,	 ﾠ since	 ﾠ several	 ﾠ steps	 ﾠ and	 ﾠ air/water	 ﾠ
sensitive	 ﾠreactions	 ﾠare	 ﾠrequired	 ﾠ(scheme	 ﾠ62).	 ﾠ
	 ﾠ
Scheme	 ﾠ62.	 ﾠDifferent	 ﾠapproaches	 ﾠto	 ﾠthe	 ﾠborylation	 ﾠof	 ﾠheterocycles,	 ﾠand	 ﾠsubsequent	 ﾠSuzuki-ﾭ‐
Miyaura	 ﾠcross-ﾭ‐coupling	 ﾠreactions.	 ﾠ
	 ﾠ
The	 ﾠdiscovery	 ﾠof	 ﾠdirect	 ﾠC-ﾭ‐H	 ﾠactivation	 ﾠfor	 ﾠborylation	 ﾠwas	 ﾠfirst	 ﾠreported	 ﾠindependently	 ﾠby	 ﾠHartwig	 ﾠ
and	 ﾠSmith	 ﾠat	 ﾠthe	 ﾠturn	 ﾠof	 ﾠthe	 ﾠmillennia,	 ﾠusing	 ﾠrhenium	 ﾠand	 ﾠiridium	 ﾠcatalysts	 ﾠrespectively	 ﾠto	 ﾠisolate	 ﾠ
terminal	 ﾠpinnacolborane	 ﾠfunctionalized	 ﾠalkanes	 ﾠin	 ﾠexcellent	 ﾠyield.
85–87	 ﾠThis	 ﾠresult	 ﾠis	 ﾠof	 ﾠnote	 ﾠsince	 ﾠit	 ﾠ
is	 ﾠa	 ﾠone	 ﾠstep	 ﾠapproach	 ﾠto	 ﾠboronate	 ﾠesters	 ﾠand	 ﾠavoids	 ﾠthe	 ﾠuse	 ﾠof	 ﾠsensitive	 ﾠsubstrates.	 ﾠ	 ﾠThese	 ﾠinitial	 ﾠ
findings	 ﾠwere	 ﾠfollowed	 ﾠby	 ﾠthe	 ﾠwork	 ﾠof	 ﾠMarder
88	 ﾠand	 ﾠSmith,
89,90	 ﾠwho	 ﾠutilised	 ﾠrhodium	 ﾠand	 ﾠiridium	 ﾠ
catalysts	 ﾠrespectively	 ﾠto	 ﾠachieve	 ﾠpinnacolborane	 ﾠfunctionalization	 ﾠof	 ﾠaromatics.	 ﾠ	 ﾠThe	 ﾠlatter	 ﾠresults	 ﾠ
included	 ﾠ activated	 ﾠ and	 ﾠ deactivated	 ﾠ aromatic	 ﾠ systems	 ﾠ in	 ﾠ excellent	 ﾠ yield.	 ﾠ 	 ﾠ Since	 ﾠ these	 ﾠ early	 ﾠ
observations,	 ﾠthere	 ﾠhas	 ﾠbeen	 ﾠa	 ﾠhuge	 ﾠamount	 ﾠof	 ﾠwork	 ﾠperformed	 ﾠin	 ﾠthis	 ﾠarea	 ﾠin	 ﾠmethodology,
91–95	 ﾠ
total	 ﾠsynthesis
84	 ﾠand	 ﾠin	 ﾠthe	 ﾠmechanistic	 ﾠdetermination	 ﾠof	 ﾠthese	 ﾠreactions.
96–98	 ﾠKey	 ﾠto	 ﾠour	 ﾠinterest	 ﾠ
N
Halo
2. 2N aq. HCl,
-20 oC-rt
N
B(OH)2
262 (PG = Boc)
263 (PG = TIPS)
264 (PG = Boc)
265 (PG = TIPS)
1. n-BuLi, B(Oi-Pr)3,
THF, -78 oC
N
Halo
PhMe, Δ
N
BPin
262 (PG = Boc)
263 (PG = TIPS)
266 (PG = Boc)
267 (PG = TIPS)
HBPin, Pd(II),
SPhos, Et3N
N
2. Pin, Et3N,
n-heptane, CH2Cl2
N
BPin
260 (PG = Boc)
261 (PG = TIPS)
266 (PG = Boc)
267 (PG = TIPS)
1. AlCl3, BCl3, 2,6-lutidine,
n-heptane, CH2Cl2,
N
260 (PG = Boc)
261 (PG = TIPS)
N
260 (PG = Boc)
261 (PG = TIPS)
NBS, THF, <rt
or
Br2, AcOH, >rt
NBS, THF, <rt
or
Br2, AcOH, >rt
Pin,
Et2O
PG
PG PG
PG
PG
PG
PG
PG	 ﾠ 54	 ﾠ
is	 ﾠthe	 ﾠobservation	 ﾠof	 ﾠC3	 ﾠspecific	 ﾠborylations	 ﾠof	 ﾠN-ﾭ‐Boc	 ﾠand	 ﾠN-ﾭ‐TIPS	 ﾠpyrrole,	 ﾠaccessed	 ﾠselectively	 ﾠin	 ﾠ
excellent	 ﾠ yields	 ﾠ thanks	 ﾠ to	 ﾠ the	 ﾠ directing	 ﾠ effects	 ﾠ of	 ﾠ these	 ﾠ sterically	 ﾠ demanding	 ﾠ protecting	 ﾠ
groups.
94,99	 ﾠThis	 ﾠapproach	 ﾠprovides	 ﾠa	 ﾠmore	 ﾠefficient	 ﾠroute	 ﾠto	 ﾠheteroaryl	 ﾠboronic	 ﾠacids	 ﾠin	 ﾠterms	 ﾠof	 ﾠ
the	 ﾠnumber	 ﾠof	 ﾠsteps	 ﾠcompared	 ﾠto	 ﾠmore	 ﾠtraditional	 ﾠroutes	 ﾠdiscussed	 ﾠin	 ﾠscheme	 ﾠ62	 ﾠ(scheme	 ﾠ63).	 ﾠ	 ﾠ
Suzuki-ﾭ‐Miyaura	 ﾠcross-ﾭ‐coupling	 ﾠreaction	 ﾠbetween	 ﾠthe	 ﾠboronate	 ﾠ266/267	 ﾠand	 ﾠ2-ﾭ‐haloaniline	 ﾠwould,	 ﾠ
in	 ﾠ our	 ﾠ case	 ﾠ afford	 ﾠ the	 ﾠ key	 ﾠ pyrroloaniline	 ﾠ intermediate
84	 ﾠ for	 ﾠ a	 ﾠ prospective	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ
cyclization.	 ﾠ
	 ﾠ
Scheme	 ﾠ63.	 ﾠRegioselective	 ﾠC-ﾭ‐H	 ﾠactivation	 ﾠfor	 ﾠthe	 ﾠborylation	 ﾠof	 ﾠpyrroles.	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ
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2.	 ﾠResults	 ﾠand	 ﾠDiscussion	 ﾠ
2.1.	 ﾠMaleczka-ﾭ‐Smith	 ﾠBorylation	 ﾠReaction	 ﾠ
Our	 ﾠsynthetic	 ﾠstrategy	 ﾠrequired	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ pyrroloboronate	 ﾠ esters	 ﾠfrom	 ﾠN-ﾭ‐protected	 ﾠ
pyrroles,	 ﾠwhich	 ﾠwould	 ﾠin	 ﾠturn	 ﾠundergo	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠcross-ﾭ‐coupling	 ﾠreactions	 ﾠto	 ﾠform	 ﾠthe	 ﾠC9a-ﾭ‐
C9b	 ﾠbond	 ﾠof	 ﾠthe	 ﾠpyrroloquinolines	 ﾠ(scheme	 ﾠ64).	 ﾠ	 ﾠThe	 ﾠC3	 ﾠselective	 ﾠborylation	 ﾠof	 ﾠpyrroles	 ﾠhas	 ﾠbeen	 ﾠ
widely	 ﾠreported	 ﾠwhere	 ﾠbulky	 ﾠprotecting	 ﾠgroups,	 ﾠsuch	 ﾠas	 ﾠBoc	 ﾠand	 ﾠTIPS	 ﾠhave	 ﾠbeen	 ﾠemployed.
94,100	 ﾠIn	 ﾠ
the	 ﾠabsence	 ﾠof	 ﾠbulky	 ﾠprotecting	 ﾠgroups,	 ﾠC2	 ﾠbecomes	 ﾠthe	 ﾠmore	 ﾠsubstituted	 ﾠposition.
100	 ﾠMaleczka	 ﾠet	 ﾠ
al.	 ﾠreport	 ﾠthe	 ﾠpre-ﾭ‐forming	 ﾠof	 ﾠthe	 ﾠactive	 ﾠcatalyst	 ﾠin	 ﾠa	 ﾠglove	 ﾠbox,	 ﾠbefore	 ﾠconducting	 ﾠthe	 ﾠreaction	 ﾠin	 ﾠa	 ﾠ
Schlenk	 ﾠflask.	 ﾠ	 ﾠOur	 ﾠattempts	 ﾠto	 ﾠrepeat	 ﾠtheir	 ﾠresults	 ﾠ(table	 ﾠ20	 ﾠentry	 ﾠ1)	 ﾠwithout	 ﾠa	 ﾠglove	 ﾠbox	 ﾠfailed	 ﾠ
(entry	 ﾠ 2).	 ﾠ 	 ﾠ We	 ﾠ were	 ﾠ able	 ﾠ to	 ﾠ modify	 ﾠ their	 ﾠ procedure	 ﾠ to	 ﾠ enable	 ﾠ a	 ﾠ successful	 ﾠ borylation	 ﾠ of	 ﾠ N-ﾭ‐
protected	 ﾠpyrroles	 ﾠby	 ﾠforming	 ﾠthe	 ﾠactive	 ﾠcatalyst	 ﾠin	 ﾠthe	 ﾠreaction,	 ﾠinstead	 ﾠof	 ﾠpre-ﾭ‐forming	 ﾠthe	 ﾠactive	 ﾠ
catalyst	 ﾠand	 ﾠadding	 ﾠit	 ﾠto	 ﾠthe	 ﾠreaction	 ﾠlater	 ﾠ(entries	 ﾠ3-ﾭ‐4).	 ﾠ	 ﾠSome	 ﾠremarks	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠindicate	 ﾠ
this	 ﾠto	 ﾠsignificantly	 ﾠcompromise	 ﾠthe	 ﾠreaction,	 ﾠhowever	 ﾠfortunately	 ﾠthis	 ﾠwas	 ﾠnot	 ﾠthe	 ﾠcase	 ﾠin	 ﾠour	 ﾠ
system.
101	 ﾠOur	 ﾠprocedure	 ﾠcompared	 ﾠwell	 ﾠto	 ﾠthat	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature,	 ﾠwith	 ﾠboronate	 ﾠesters	 ﾠ
266	 ﾠ and	 ﾠ 267	 ﾠ afforded	 ﾠ in	 ﾠ 98%	 ﾠ and	 ﾠ 87%	 ﾠ compared	 ﾠ to	 ﾠ 98%
95	 ﾠ and	 ﾠ 79%
100	 ﾠ for	 ﾠ the	 ﾠ literature,	 ﾠ
respectively.
Scheme	 ﾠ64.	 ﾠProposed	 ﾠroute	 ﾠto	 ﾠpyrroloanilines	 ﾠ268	 ﾠand	 ﾠ269.	 ﾠ
Entry	 ﾠ
Pyrrole	 ﾠ	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1
a	 ﾠ 260	 ﾠ
[Ir(cod)(OMe)]2	 ﾠ(0.015	 ﾠeq.),	 ﾠdtbpy	 ﾠ(0.030	 ﾠeq.),	 ﾠ
HBPin	 ﾠ(1.25	 ﾠeq.),	 ﾠhexane,	 ﾠ55	 ﾠ
oC,	 ﾠ13	 ﾠh	 ﾠ 	 ﾠ
(90%)	 ﾠ
2	 ﾠ 260	 ﾠ
[Ir(cod)(OMe)]2	 ﾠ(0.015	 ﾠeq.),	 ﾠdtbpy	 ﾠ(0.030	 ﾠeq.),	 ﾠ
HBPin	 ﾠ(1.25	 ﾠeq.),	 ﾠhexane,	 ﾠ55	 ﾠ
oC,	 ﾠ16	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
3	 ﾠ 260	 ﾠ
[Ir(cod)(OMe)]2	 ﾠ(0.015	 ﾠeq.),	 ﾠdtbpy	 ﾠ(0.030	 ﾠeq.),	 ﾠ
HBPin	 ﾠ(2.0	 ﾠeq.),	 ﾠhexane,	 ﾠ60	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ
(98%)	 ﾠ
4	 ﾠ 261	 ﾠ
[Ir(cod)(OMe)]2	 ﾠ(0.015	 ﾠeq.),	 ﾠdtbpy	 ﾠ(0.030	 ﾠeq.),	 ﾠ
HBPin	 ﾠ(2.0	 ﾠeq.),	 ﾠhexane,	 ﾠ60	 ﾠ
oC,	 ﾠ8	 ﾠh	 ﾠ 	 ﾠ
(87%)	 ﾠ
Table	 ﾠ20.	 ﾠMaleczka-ﾭ‐Smith	 ﾠborylation	 ﾠchemistry.	 ﾠ
aconditions	 ﾠand	 ﾠresult	 ﾠfrom	 ﾠMaleczka	 ﾠet	 ﾠal.
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 ﾠ
N
PG [Ir(cod)(OMe)]2,
HBPin, dtbpy,
hexane, 60 oC
N
PG
BPin
Suzuki-Miyaura
cross-coupling
N
PG
NH2
268 (PG = Boc)
269 (PG = TIPS)
260 (PG = Boc)
261 (PG = TIPS) 266 (PG = Boc)
267 (PG = TIPS)
3a 3a
9b 9b
9a 9a
4 4
N
5 5
4 4
7 7
8 8
9 9
6 6
NH3 3 12 12
1 1
270
N
Boc
B
O
O
266
N
Boc
B
O
O
266
N
Boc
B
O
O
266
N
TIPS
B
O
O
267	 ﾠ 56	 ﾠ
2.2.	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠCross-ﾭ‐Coupling	 ﾠReaction	 ﾠ
Boronate	 ﾠester	 ﾠ267	 ﾠhas	 ﾠbeen	 ﾠpreviously	 ﾠapplied	 ﾠby	 ﾠGaunt	 ﾠet	 ﾠal.	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloaniline	 ﾠ
269	 ﾠto	 ﾠgreat	 ﾠsuccess	 ﾠ(table	 ﾠ21,	 ﾠentry	 ﾠ1).
84	 ﾠOur	 ﾠattempts	 ﾠat	 ﾠmatching	 ﾠthis	 ﾠresult	 ﾠfailed	 ﾠ(scheme	 ﾠ65	 ﾠ
and	 ﾠtable	 ﾠ21	 ﾠentries	 ﾠ2-ﾭ‐5).	 ﾠ	 ﾠMeanwhile,	 ﾠattempts	 ﾠto	 ﾠaccess	 ﾠpyrroloaniline	 ﾠfrom	 ﾠboronate	 ﾠester	 ﾠ266	 ﾠ
in	 ﾠthe	 ﾠBoc	 ﾠseries	 ﾠalso	 ﾠfailed	 ﾠ(entries	 ﾠ6-ﾭ‐7).	 ﾠ	 ﾠUp	 ﾠto	 ﾠthis	 ﾠpoint,	 ﾠthe	 ﾠbest	 ﾠresults	 ﾠwe	 ﾠhad	 ﾠachieved	 ﾠfor	 ﾠ
pyrroloanilines	 ﾠ268	 ﾠand	 ﾠ269	 ﾠwas	 ﾠ23%	 ﾠyield	 ﾠin	 ﾠboth	 ﾠcases.	 ﾠ	 ﾠWe	 ﾠare	 ﾠunable	 ﾠto	 ﾠexplain	 ﾠwhy	 ﾠour	 ﾠ
system	 ﾠfailed	 ﾠin	 ﾠcomparison	 ﾠto	 ﾠthat	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature,	 ﾠbut	 ﾠthe	 ﾠdisappointment	 ﾠof	 ﾠthese	 ﾠ
setbacks	 ﾠ was	 ﾠ arrested	 ﾠ by	 ﾠ the	 ﾠ knowledge	 ﾠ the	 ﾠ corresponding	 ﾠ transformation	 ﾠ with	 ﾠ 1-ﾭ‐iodo-ﾭ‐2-ﾭ‐
nitrobenzene	 ﾠwould	 ﾠbe	 ﾠmore	 ﾠfavourable	 ﾠdue	 ﾠto	 ﾠthe	 ﾠweakening	 ﾠof	 ﾠthe	 ﾠC-ﾭ‐I	 ﾠbond	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠ
electronic	 ﾠinduction	 ﾠof	 ﾠthe	 ﾠnitro	 ﾠgroup.	 ﾠ	 ﾠIndeed,	 ﾠthe	 ﾠcorresponding	 ﾠnitro	 ﾠproducts	 ﾠ275	 ﾠand	 ﾠ276	 ﾠ
were	 ﾠafforded	 ﾠfrom	 ﾠ1-ﾭ‐iodo-ﾭ‐2-ﾭ‐nitrobenzene	 ﾠin	 ﾠthe	 ﾠcases	 ﾠof	 ﾠboth	 ﾠboronate	 ﾠesters	 ﾠ266	 ﾠand	 ﾠ267	 ﾠin	 ﾠ
excellent	 ﾠyield	 ﾠ(89	 ﾠand	 ﾠ93%	 ﾠrespectively,	 ﾠentries	 ﾠ8-ﾭ‐9).	 ﾠ	 ﾠIt	 ﾠcan	 ﾠbe	 ﾠconsidered	 ﾠa	 ﾠcombination	 ﾠof	 ﾠthe	 ﾠ
electron	 ﾠdonating	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠaniline	 ﾠstrengthening	 ﾠthe	 ﾠAr-ﾭ‐I	 ﾠbond	 ﾠand	 ﾠa	 ﾠstable	 ﾠcoordination	 ﾠof	 ﾠ
the	 ﾠNH2	 ﾠto	 ﾠ[Pd]	 ﾠonce	 ﾠinserted	 ﾠinto	 ﾠthe	 ﾠAr-ﾭ‐I	 ﾠbond	 ﾠwas	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠdisappointing	 ﾠconversions	 ﾠ
observed	 ﾠin	 ﾠthe	 ﾠ2-ﾭ‐iodoaniline	 ﾠseries	 ﾠof	 ﾠexperiments.	 ﾠ	 ﾠWith	 ﾠa	 ﾠfree	 ﾠchoice	 ﾠof	 ﾠprotecting	 ﾠgroups	 ﾠon	 ﾠ
the	 ﾠpyrrole,	 ﾠwe	 ﾠinitially	 ﾠelected	 ﾠfor	 ﾠN-ﾭ‐Boc	 ﾠprotection	 ﾠdue	 ﾠto	 ﾠthe	 ﾠexpected	 ﾠease	 ﾠof	 ﾠdeprotection,	 ﾠ
and	 ﾠ potential	 ﾠ for	 ﾠ concomitant	 ﾠ cleavage	 ﾠ during	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ annulation,	 ﾠ or	 ﾠ Suzuki-ﾭ‐Miyaura	 ﾠ
cross-ﾭ‐coupling.	 ﾠ
	 ﾠ
Scheme	 ﾠ65.	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠcross-ﾭ‐coupling	 ﾠreactions	 ﾠof	 ﾠboronate	 ﾠesters	 ﾠ266	 ﾠand	 ﾠ267.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
N
PG
BPin
+
R1
I
N
PG
R1
Pd(OAc)2, 273/274
K3PO4, BuOH, H2O
reaction conditions
266 (PG = Boc)
267 (PG = TIPS)
271 (R1 = NH2)
272 (R1 = NO2)
268 (PG = Boc, R1 = NH2)
269 (PG = TIPS, R1 = NH2)
275 (PG = Boc, R1 = NO2)
276 (PG = TIPS, R1 = NO2) R2
PCy2
R2
R3
273 (R2 = R3 = i-Pr) - XPhos
274 (R2 = OMe, R3 = H) - SPhos  57	 ﾠ
Entry	 ﾠ
Boronate	 ﾠ
ester	 ﾠ
(1.2	 ﾠeq.)	 ﾠ
Iodo-ﾭ‐aryl	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Ligand	 ﾠ
(0.1	 ﾠeq.)	 ﾠ
Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(yield)	 ﾠ
1
a	 ﾠ 267	 ﾠ 271	 ﾠ 274	 ﾠ 100	 ﾠ
oC,	 ﾠ2	 ﾠh	 ﾠ
	 ﾠ
(82%)	 ﾠ
2	 ﾠ 267	 ﾠ 271	 ﾠ 273	 ﾠ 100	 ﾠ
oC,	 ﾠ4	 ﾠh	 ﾠ
	 ﾠ
(0%)	 ﾠ
3	 ﾠ 267	 ﾠ 271	 ﾠ 273	 ﾠ 35	 ﾠ
oC,	 ﾠ20	 ﾠh	 ﾠ
	 ﾠ
(0%)	 ﾠ
4	 ﾠ 267	 ﾠ 271	 ﾠ 273	 ﾠ 60	 ﾠ
oC,	 ﾠ16	 ﾠh	 ﾠ
	 ﾠ
(15%)	 ﾠ
5	 ﾠ 267	 ﾠ 271	 ﾠ 274	 ﾠ 60	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(23%)	 ﾠ
6	 ﾠ 266	 ﾠ 271	 ﾠ 273	 ﾠ 100	 ﾠ
oC,	 ﾠ2	 ﾠh	 ﾠ
	 ﾠ
(0%)	 ﾠ
7	 ﾠ 266	 ﾠ 271	 ﾠ 274	 ﾠ 60	 ﾠ
oC,	 ﾠ20	 ﾠh	 ﾠ
	 ﾠ
(23%)	 ﾠ
8	 ﾠ 266	 ﾠ 272	 ﾠ 274	 ﾠ 60	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(93%)	 ﾠ
9	 ﾠ 267	 ﾠ 272	 ﾠ 274	 ﾠ 60	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(89%)	 ﾠ
Table	 ﾠ21.	 ﾠMethod	 ﾠdevelopment	 ﾠof	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠreaction.	 ﾠ
aConditions	 ﾠand	 ﾠresult	 ﾠfrom	 ﾠGaunt	 ﾠet	 ﾠ
al.
84	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
N
TIPS
NH2
269
N
TIPS
NH2
269
N
TIPS
NH2
269
N
TIPS
NH2
269
N
TIPS
NH2
269
N
Boc
NH2
268
N
Boc
NH2
268
N
Boc
NO2
275
N
TIPS
NO2
276	 ﾠ 58	 ﾠ
2.3.	 ﾠNitro	 ﾠReduction	 ﾠ
With	 ﾠa	 ﾠreliable	 ﾠSuzuki	 ﾠprotocol	 ﾠin	 ﾠhand,	 ﾠattempts	 ﾠat	 ﾠreduction	 ﾠof	 ﾠthe	 ﾠnitro	 ﾠgroup	 ﾠhighlighted	 ﾠthe	 ﾠ
instability	 ﾠof	 ﾠboth	 ﾠthe	 ﾠpyrrolonitro	 ﾠ275-ﾭ‐276	 ﾠ and	 ﾠpyrroloaniline	 ﾠcompounds	 ﾠ268-ﾭ‐269.	 ﾠ	 ﾠExposing	 ﾠ
nitro	 ﾠ275	 ﾠto	 ﾠMeOH,	 ﾠaq.	 ﾠNH4Cl	 ﾠand	 ﾠFe	 ﾠat	 ﾠreflux	 ﾠand	 ﾠrt;	 ﾠand	 ﾠMeOH,	 ﾠaq.	 ﾠNH4Cl	 ﾠand	 ﾠZn	 ﾠat	 ﾠrt	 ﾠall	 ﾠ
resulted	 ﾠ in	 ﾠ degradation	 ﾠ (table	 ﾠ 22,	 ﾠ entries	 ﾠ 1-ﾭ‐3).	 ﾠ 	 ﾠ We	 ﾠ were	 ﾠ pleased	 ﾠ to	 ﾠ observe	 ﾠ quantitative	 ﾠ
conversion	 ﾠusing	 ﾠH2,	 ﾠPd/C	 ﾠconditions	 ﾠin	 ﾠEtOH	 ﾠafter	 ﾠoptimisation	 ﾠof	 ﾠthe	 ﾠPd	 ﾠloading	 ﾠ(entries	 ﾠ4-ﾭ‐5),	 ﾠbut	 ﾠ
were	 ﾠ frustrated	 ﾠ to	 ﾠ discover	 ﾠ thermal	 ﾠ instability	 ﾠ during	 ﾠ in	 ﾠ vacuo	 ﾠ concentration.	 ﾠ 	 ﾠ Surprisingly,	 ﾠ
degradation	 ﾠat	 ﾠtemperatures	 ﾠas	 ﾠlow	 ﾠas	 ﾠ10	 ﾠ
oC	 ﾠduring	 ﾠin	 ﾠvacuo	 ﾠconcentration	 ﾠwas	 ﾠseen.	 ﾠ	 ﾠIn	 ﾠan	 ﾠ
attempt	 ﾠ to	 ﾠ circumvent	 ﾠ this	 ﾠ outcome,	 ﾠ hydrogenation	 ﾠ reduction	 ﾠ conditions	 ﾠ in	 ﾠ EtOAc	 ﾠ were	 ﾠ
successful	 ﾠin	 ﾠprotecting	 ﾠthe	 ﾠnitro	 ﾠand	 ﾠaniline	 ﾠcompounds	 ﾠfrom	 ﾠdegradation,	 ﾠbut	 ﾠthe	 ﾠreduction	 ﾠwas	 ﾠ
significantly	 ﾠslower	 ﾠ(entry	 ﾠ6).	 ﾠ
	 ﾠ
Scheme	 ﾠ66.	 ﾠSynthesis	 ﾠof	 ﾠpyrroloanilines	 ﾠ275-ﾭ‐276	 ﾠfrom	 ﾠnitro	 ﾠ275-ﾭ‐276.	 ﾠ
	 ﾠ
In	 ﾠthe	 ﾠinterest	 ﾠof	 ﾠtime,	 ﾠsince	 ﾠthe	 ﾠaniline	 ﾠwas	 ﾠnot	 ﾠdeemed	 ﾠstable	 ﾠenough	 ﾠfor	 ﾠstorage	 ﾠafter	 ﾠlarge-ﾭ‐
scale	 ﾠpreparation,	 ﾠwe	 ﾠused	 ﾠEtOH	 ﾠas	 ﾠthe	 ﾠsolvent	 ﾠand	 ﾠan	 ﾠaqueous	 ﾠextraction	 ﾠin	 ﾠbasic	 ﾠconditions	 ﾠ
afforded	 ﾠaccess	 ﾠto	 ﾠanilines	 ﾠ268-ﾭ‐269	 ﾠin	 ﾠgood	 ﾠyield	 ﾠwithout	 ﾠdegradation.	 ﾠ	 ﾠNow	 ﾠin	 ﾠpossession	 ﾠof	 ﾠa	 ﾠ
reliable	 ﾠand	 ﾠrobust	 ﾠapproach	 ﾠtowards	 ﾠthe	 ﾠdesired	 ﾠanilines,	 ﾠwe	 ﾠembarked	 ﾠupon	 ﾠPictet-ﾭ‐Spengler	 ﾠ
method	 ﾠdevelopment.	 ﾠ
	 ﾠ
2.4.	 ﾠPictet-ﾭ‐Spengler	 ﾠReaction	 ﾠ
Given	 ﾠ the	 ﾠ observed	 ﾠ sensitivity	 ﾠ of	 ﾠ pyrrolonitro	 ﾠ and	 ﾠ pyrroloaniline	 ﾠ compounds	 ﾠ to	 ﾠ mild	 ﾠ acidic	 ﾠ
conditions	 ﾠand	 ﾠtemperatures	 ﾠ>rt	 ﾠin	 ﾠthe	 ﾠreduction	 ﾠand	 ﾠsubsequent	 ﾠwork-ﾭ‐up,	 ﾠwe	 ﾠwanted	 ﾠto	 ﾠemploy	 ﾠ
the	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ reactions	 ﾠ under	 ﾠ very	 ﾠ mild	 ﾠ conditions.	 ﾠ 	 ﾠ With	 ﾠ this	 ﾠ in	 ﾠ mind,	 ﾠ we	 ﾠ decided	 ﾠ to	 ﾠ
preserve	 ﾠthe	 ﾠprotection	 ﾠof	 ﾠthe	 ﾠpyrrole,	 ﾠand	 ﾠlooked	 ﾠto	 ﾠLewis	 ﾠacids	 ﾠto	 ﾠmediate	 ﾠthese	 ﾠreactions.	 ﾠ
	 ﾠ
N
PG
NO2
275 (PG = Boc)
276 (PG = TIPS)
N
PG
NH2
268 (PG = Boc)
269 (PG = TIPS)
Reaction
conditions  59	 ﾠ
Entry	 ﾠ Nitro	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 275	 ﾠ
Fe	 ﾠ(5	 ﾠeq.),	 ﾠNH4Cl	 ﾠ(5	 ﾠeq.),	 ﾠMeOH,	 ﾠH2O,	 ﾠ
90	 ﾠ
oC,	 ﾠ2	 ﾠh	 ﾠ 	 ﾠ
(12%)	 ﾠ
2	 ﾠ 275	 ﾠ
Fe	 ﾠ(5	 ﾠeq.),	 ﾠNH4Cl	 ﾠ(5	 ﾠeq.),	 ﾠMeOH,	 ﾠH2O,	 ﾠ
2	 ﾠh	 ﾠ 	 ﾠ
(n.d.)	 ﾠ
3	 ﾠ 275	 ﾠ Zn,	 ﾠNH4Cl,	 ﾠMeOH,	 ﾠH2O,	 ﾠ2	 ﾠh	 ﾠ
	 ﾠ
(n.d.)	 ﾠ
4	 ﾠ 275	 ﾠ Pd/C	 ﾠ(20%),	 ﾠH2,	 ﾠEtOH,	 ﾠ1	 ﾠh	 ﾠ
	 ﾠ
(47%)	 ﾠ
5	 ﾠ 275	 ﾠ Pd/C	 ﾠ(2%),	 ﾠH2,	 ﾠEtOH,	 ﾠ45	 ﾠmin	 ﾠ
	 ﾠ
(quant.)	 ﾠ
6	 ﾠ 276	 ﾠ Pd/C	 ﾠ(2%),	 ﾠH2,	 ﾠEtOH,	 ﾠ45	 ﾠmin	 ﾠ
	 ﾠ
(quant.)	 ﾠ
7	 ﾠ 275	 ﾠ Pd/C	 ﾠ(2	 ﾠ%),	 ﾠH2,	 ﾠEtOAc,	 ﾠ16	 ﾠh	 ﾠ
	 ﾠ
(quant.)	 ﾠ
Table	 ﾠ22.	 ﾠNitro	 ﾠreduction	 ﾠmethod	 ﾠdevelopment.	 ﾠn.d.	 ﾠ=	 ﾠnot	 ﾠdetermined,	 ﾠquant.	 ﾠ=	 ﾠquantitative	 ﾠ
(purification	 ﾠnot	 ﾠrequired).	 ﾠ
	 ﾠ
2.4.1.	 ﾠN-ﾭ‐Boc-ﾭ‐Protected	 ﾠPictet-ﾭ‐Spengler	 ﾠReaction	 ﾠ
In	 ﾠa	 ﾠseries	 ﾠof	 ﾠtest	 ﾠreactions,	 ﾠpyrroloaniline	 ﾠ268	 ﾠand	 ﾠindole-ﾭ‐3-ﾭ‐carboxaldehyde	 ﾠ(277)	 ﾠwere	 ﾠsubjected	 ﾠ
to	 ﾠclassical	 ﾠimine	 ﾠbond	 ﾠforming	 ﾠconditions	 ﾠ(CH2Cl2,	 ﾠMgSO4,	 ﾠrt),	 ﾠwhich	 ﾠfailed	 ﾠto	 ﾠprovide	 ﾠany	 ﾠimine	 ﾠ
according	 ﾠto	 ﾠ
1H	 ﾠNMR	 ﾠspectroscopy,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠinherent	 ﾠlow	 ﾠreactivity	 ﾠof	 ﾠthis	 ﾠparticular	 ﾠaniline	 ﾠ
and/or	 ﾠaldehyde	 ﾠ(table	 ﾠ23,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠThis	 ﾠinformation	 ﾠwas	 ﾠuseful	 ﾠin	 ﾠour	 ﾠinitial	 ﾠselection	 ﾠof	 ﾠLewis	 ﾠ
acids,	 ﾠ since	 ﾠ we	 ﾠ would	 ﾠ require	 ﾠ a	 ﾠ ‘neutral’	 ﾠ Lewis	 ﾠ acid	 ﾠ –	 ﾠ that	 ﾠ is	 ﾠ one	 ﾠ capable	 ﾠ of	 ﾠ activating	 ﾠ both	 ﾠ
aldehydes	 ﾠand	 ﾠaldimines	 ﾠfor	 ﾠboth	 ﾠphases	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Spengler.	 ﾠ	 ﾠWe	 ﾠwere	 ﾠkeen	 ﾠto	 ﾠform	 ﾠthe	 ﾠimine	 ﾠ
and	 ﾠ perform	 ﾠ the	 ﾠ cyclization	 ﾠ in	 ﾠ one	 ﾠ step,	 ﾠ since	 ﾠ we	 ﾠ assumed	 ﾠ acidic	 ﾠ conditions	 ﾠ promoted	 ﾠ
degradation	 ﾠof	 ﾠpyrroloaniline	 ﾠ268.	 ﾠ	 ﾠThe	 ﾠselectivity	 ﾠof	 ﾠvarious	 ﾠmetals	 ﾠfor	 ﾠaldehydes	 ﾠvs.	 ﾠaldimines	 ﾠ
was	 ﾠinvestigated	 ﾠby	 ﾠKobayashi.
102	 ﾠMeanwhile,	 ﾠprevious	 ﾠresearch	 ﾠin	 ﾠthe	 ﾠgroup
103	 ﾠidentified	 ﾠthe	 ﾠ
highly	 ﾠ successful	 ﾠ application	 ﾠ of	 ﾠ a	 ﾠ series	 ﾠ of	 ﾠ transition	 ﾠ metal	 ﾠ triflate	 ﾠ Lewis	 ﾠ acids	 ﾠ to	 ﾠ the	 ﾠ Pictet-ﾭ‐
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 ﾠ
Spengler	 ﾠ reaction	 ﾠ of	 ﾠ tryptamine	 ﾠ and	 ﾠ tryptophan	 ﾠ methyl	 ﾠ ester	 ﾠ and	 ﾠ a	 ﾠ series	 ﾠ of	 ﾠ aldehydes.	 ﾠ 	 ﾠ In	 ﾠ
particular,	 ﾠYb(OTf)3,	 ﾠY(OTf)3	 ﾠand	 ﾠSc(OTf)3,	 ﾠwere	 ﾠhighly	 ﾠactive	 ﾠat	 ﾠ~10	 ﾠmol.	 ﾠ%	 ﾠquantities	 ﾠin	 ﾠrefluxing	 ﾠ
CH2Cl2.	 ﾠ	 ﾠThese	 ﾠreactions	 ﾠalso	 ﾠallowed	 ﾠfor	 ﾠexcellent	 ﾠconversion,	 ﾠalbeit	 ﾠat	 ﾠa	 ﾠslower	 ﾠreaction	 ﾠrate	 ﾠat	 ﾠrt,	 ﾠ
and	 ﾠso	 ﾠwould	 ﾠbe	 ﾠsuitable	 ﾠin	 ﾠthis	 ﾠcase.	 ﾠ	 ﾠIn	 ﾠmethod	 ﾠdevelopment,	 ﾠpyrroloaniline	 ﾠ268	 ﾠand	 ﾠvarious	 ﾠ
aldehydes	 ﾠwere	 ﾠsubmitted	 ﾠto	 ﾠPictet-ﾭ‐Spengler	 ﾠreactions,	 ﾠthe	 ﾠresults	 ﾠof	 ﾠwhich	 ﾠare	 ﾠprovided	 ﾠin	 ﾠtable	 ﾠ
23.	 ﾠ
	 ﾠ
Entry	 ﾠ
Aldehyde	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Additive	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
1	 ﾠ 277	 ﾠ MgSO4	 ﾠ CH2Cl2,	 ﾠMeOH,	 ﾠ24	 ﾠh	 ﾠ -ﾭ‐	 ﾠ
2	 ﾠ 277	 ﾠ Sn(OTf)2,	 ﾠ(10	 ﾠmol.	 ﾠ%)	 ﾠ THF,	 ﾠ0	 ﾠ
oC-ﾭ‐rt,	 ﾠ2	 ﾠh	 ﾠ 281	 ﾠ(17),	 ﾠ285	 ﾠ(0),	 ﾠ289	 ﾠ(0)	 ﾠ
3	 ﾠ 277	 ﾠ Sn(OTf)2,	 ﾠ(10	 ﾠmol.	 ﾠ%)	 ﾠ MeOH,	 ﾠ20	 ﾠh	 ﾠ 281	 ﾠ(21),	 ﾠ285	 ﾠ(0),	 ﾠ289	 ﾠ(0)	 ﾠ
4	 ﾠ 277	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ THF,	 ﾠ16	 ﾠh	 ﾠ 281	 ﾠ(16),	 ﾠ285	 ﾠ(0),	 ﾠ289	 ﾠ(20)	 ﾠ
5	 ﾠ 277	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ40	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ n.r.	 ﾠ
6	 ﾠ 278	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ40	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ n.r.	 ﾠ
7	 ﾠ 279	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ40	 ﾠ
oC,	 ﾠ1	 ﾠh	 ﾠ 283	 ﾠ(0),	 ﾠ287	 ﾠ(0),	 ﾠ291	 ﾠ(12)	 ﾠ
8	 ﾠ 279	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ0	 ﾠ
oC-ﾭ‐rt,	 ﾠ4	 ﾠh	 ﾠ 283	 ﾠ(0),	 ﾠ287	 ﾠ(0),	 ﾠ291	 ﾠ(15)	 ﾠ
9	 ﾠ 280	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ MeCN,	 ﾠ1	 ﾠh	 ﾠ 284	 ﾠ(11),	 ﾠ288	 ﾠ(51),	 ﾠ292	 ﾠ(0)	 ﾠ
10	 ﾠ 279	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ MeCN,	 ﾠ1	 ﾠh	 ﾠ 283	 ﾠ(0),	 ﾠ287	 ﾠ(0),	 ﾠ291	 ﾠ(23)	 ﾠ
Table	 ﾠ23.	 ﾠPictet-ﾭ‐Spengler	 ﾠmethod	 ﾠdevelopment.	 ﾠn.r.	 ﾠ=	 ﾠnot	 ﾠrecovered	 ﾠ
	 ﾠ
Based	 ﾠupon	 ﾠthe	 ﾠresults	 ﾠof	 ﾠKobayashi,	 ﾠwe	 ﾠinitially	 ﾠapplied	 ﾠSn(OTf)2	 ﾠas	 ﾠthe	 ﾠLewis	 ﾠacid,	 ﾠdue	 ﾠto	 ﾠits	 ﾠ
activating	 ﾠpotential	 ﾠfor	 ﾠboth	 ﾠaldehydes	 ﾠand	 ﾠaldimines.	 ﾠWe	 ﾠwere,	 ﾠhowever	 ﾠonly	 ﾠable	 ﾠto	 ﾠisolate	 ﾠthe	 ﾠ
imine	 ﾠin	 ﾠdisappointing	 ﾠyields	 ﾠ(entries	 ﾠ2-ﾭ‐3).	 ﾠ	 ﾠLed	 ﾠby	 ﾠour	 ﾠprevious	 ﾠexperience	 ﾠin	 ﾠLewis	 ﾠacid	 ﾠcatalysed	 ﾠ
Pictet-ﾭ‐Spengler	 ﾠreactions,	 ﾠwe	 ﾠwere	 ﾠsatisfied	 ﾠto	 ﾠobserve	 ﾠconversion	 ﾠto	 ﾠthe	 ﾠdesired	 ﾠpyrroloquinoline	 ﾠ
289	 ﾠ with	 ﾠ the	 ﾠ application	 ﾠ of	 ﾠ Y(OTf)3	 ﾠ in	 ﾠ 20%	 ﾠ yield	 ﾠ (entry	 ﾠ 4).	 ﾠ 	 ﾠ In	 ﾠ an	 ﾠ attempt	 ﾠ to	 ﾠ improve	 ﾠ the	 ﾠ
conversion,	 ﾠwe	 ﾠapplied	 ﾠmild	 ﾠheating	 ﾠof	 ﾠthe	 ﾠreaction,	 ﾠwhich	 ﾠunfortunately	 ﾠpromoted	 ﾠsignificant	 ﾠ
degradation,	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠTLC	 ﾠanalysis	 ﾠin	 ﾠattempts	 ﾠtowards	 ﾠmarinoquinoline	 ﾠE	 ﾠand	 ﾠC	 ﾠ(entries	 ﾠ
5-ﾭ‐6).	 ﾠ	 ﾠMild	 ﾠheating	 ﾠgave	 ﾠthe	 ﾠmarinoquinoline	 ﾠB	 ﾠprecursor	 ﾠin	 ﾠ12%,	 ﾠwhich	 ﾠwas	 ﾠimproved	 ﾠto	 ﾠ15%	 ﾠby	 ﾠ
reaction	 ﾠat	 ﾠrt	 ﾠ(entries	 ﾠ7-ﾭ‐8).	 ﾠ	 ﾠThe	 ﾠuse	 ﾠof	 ﾠthe	 ﾠhighly	 ﾠreactive	 ﾠp-ﾭ‐nitrobenzaldehyde	 ﾠin	 ﾠMeCN	 ﾠafforded	 ﾠ
an	 ﾠunoxidized	 ﾠpyrroloquinoline	 ﾠ288	 ﾠin	 ﾠa	 ﾠpleasing	 ﾠ51%	 ﾠyield	 ﾠ(entry	 ﾠ9),	 ﾠbut	 ﾠthese	 ﾠconditions	 ﾠonly	 ﾠ
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+  61	 ﾠ
afforded	 ﾠthe	 ﾠoxidised	 ﾠpyrroloquinoline	 ﾠ291	 ﾠin	 ﾠ23%	 ﾠwhen	 ﾠusing	 ﾠaldehyde	 ﾠ279	 ﾠ(entry	 ﾠ10).	 ﾠ	 ﾠIt	 ﾠwas	 ﾠ
decided	 ﾠthe	 ﾠreactivity	 ﾠof	 ﾠthe	 ﾠpyrrole	 ﾠwith	 ﾠBoc	 ﾠprotection	 ﾠin	 ﾠplace	 ﾠwas	 ﾠnot	 ﾠsufficient	 ﾠfor	 ﾠthe	 ﾠPictet-ﾭ‐
Spengler	 ﾠreaction,	 ﾠand	 ﾠso	 ﾠwe	 ﾠdecided	 ﾠto	 ﾠproceed	 ﾠwith	 ﾠa	 ﾠdeprotected	 ﾠpyrroloquinoline.	 ﾠ
	 ﾠ
2.4.2.	 ﾠDeprotected	 ﾠPictet-ﾭ‐Spengler	 ﾠReaction	 ﾠ
After	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Spengler	 ﾠreactions	 ﾠwith	 ﾠBoc	 ﾠprotection,	 ﾠit	 ﾠwas	 ﾠthought	 ﾠremoval	 ﾠof	 ﾠ
the	 ﾠ Boc	 ﾠ group	 ﾠ would	 ﾠ increase	 ﾠ the	 ﾠ reactivity	 ﾠ of	 ﾠ the	 ﾠ system.	 ﾠ 	 ﾠ Subsequently,	 ﾠ we	 ﾠ accessed	 ﾠ
pyrroloaniline	 ﾠ255	 ﾠby	 ﾠBoc	 ﾠremoval	 ﾠwith	 ﾠNaOMe	 ﾠin	 ﾠquantitative	 ﾠyield	 ﾠ(scheme	 ﾠ67).	 ﾠ	 ﾠInitially,	 ﾠwe	 ﾠ
attempted	 ﾠto	 ﾠprepare	 ﾠthe	 ﾠcorresponding	 ﾠimine	 ﾠby	 ﾠstirring	 ﾠ255	 ﾠand	 ﾠp-ﾭ‐nitrobenzaldehyde	 ﾠ(280)	 ﾠin	 ﾠ
CH2Cl2	 ﾠ in	 ﾠ the	 ﾠ presence	 ﾠ of	 ﾠ MgSO4.	 ﾠ 	 ﾠ Crude	 ﾠ NMR	 ﾠ analysis	 ﾠ actually	 ﾠ indicated	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ
cyclization	 ﾠas	 ﾠa	 ﾠmixture	 ﾠof	 ﾠpyrroloquinolines	 ﾠ294	 ﾠand	 ﾠ295	 ﾠ(table	 ﾠ24,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠPurification	 ﾠof	 ﾠthe	 ﾠ
reaction	 ﾠ mixture	 ﾠ afforded	 ﾠ the	 ﾠ products	 ﾠ in	 ﾠ a	 ﾠ modest	 ﾠ 37%	 ﾠ and	 ﾠ 14%	 ﾠ yield	 ﾠ respectively.	 ﾠ 	 ﾠ Using	 ﾠ
isovaleraldehyde	 ﾠ (279),	 ﾠ we	 ﾠ accessed	 ﾠ marinoquinoline	 ﾠ B	 ﾠ in	 ﾠ 31%	 ﾠ yield	 ﾠ for	 ﾠ the	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ
reaction,	 ﾠand	 ﾠdid	 ﾠnot	 ﾠobserve	 ﾠthe	 ﾠcorresponding	 ﾠunoxidized	 ﾠdihydropyrroloquinoline	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠ
Given	 ﾠthe	 ﾠmodest	 ﾠyields	 ﾠafforded	 ﾠby	 ﾠPictet-ﾭ‐Spengler	 ﾠreaction,	 ﾠwe	 ﾠlooked	 ﾠto	 ﾠLewis	 ﾠacids	 ﾠagain	 ﾠto	 ﾠ
improve	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠthe	 ﾠreaction.	 ﾠ	 ﾠWe	 ﾠsubsequently	 ﾠadded	 ﾠvarying	 ﾠamounts	 ﾠof	 ﾠY(OTf)3	 ﾠto	 ﾠthe	 ﾠ
reaction,	 ﾠbut	 ﾠsaw	 ﾠextensive	 ﾠdegradation	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠTLC	 ﾠanalysis	 ﾠ(e.g.	 ﾠentries	 ﾠ3-ﾭ‐4).	 ﾠ
	 ﾠ
Scheme	 ﾠ67.	 ﾠBoc	 ﾠdeprotection	 ﾠof	 ﾠpyrroloaniline	 ﾠ268	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ255.	 ﾠ
	 ﾠ
Our	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ system	 ﾠ was	 ﾠ not	 ﾠ affording	 ﾠ acceptable	 ﾠ conversion,	 ﾠ and	 ﾠ we	 ﾠ subsequently	 ﾠ
reassessed	 ﾠour	 ﾠsynthetic	 ﾠplan.	 ﾠWe	 ﾠdecided	 ﾠto	 ﾠmove	 ﾠfrom	 ﾠa	 ﾠPictet-ﾭ‐Spengler	 ﾠapproach	 ﾠto	 ﾠa	 ﾠPictet-ﾭ‐
Hubert	 ﾠapproach.	 ﾠ
	 ﾠ
	 ﾠ
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Entry	 ﾠ
Aldehyde	 ﾠ
(1.0	 ﾠeq.)	 ﾠ
Additive	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
1	 ﾠ 280	 ﾠ MgSO4	 ﾠ CH2Cl2,	 ﾠ12	 ﾠh	 ﾠ 294	 ﾠ(37),	 ﾠ295	 ﾠ(14)	 ﾠ
2	 ﾠ 279	 ﾠ MgSO4	 ﾠ CH2Cl2,	 ﾠ12	 ﾠh	 ﾠ 293	 ﾠ(0),	 ﾠ218	 ﾠ(31)	 ﾠ
3	 ﾠ 280	 ﾠ Y(OTf)3,	 ﾠ(20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ6	 ﾠh	 ﾠ n.d.	 ﾠ
4	 ﾠ 279	 ﾠ Y(OTf)3,	 ﾠ20	 ﾠmol.	 ﾠ%)	 ﾠ CH2Cl2,	 ﾠ6	 ﾠh	 ﾠ n.d.	 ﾠ
Table	 ﾠ24.	 ﾠPictet-ﾭ‐Spengler	 ﾠcyclizations	 ﾠof	 ﾠpyrroloaniline	 ﾠ255	 ﾠand	 ﾠvarious	 ﾠaldehydes.	 ﾠn.d.	 ﾠ=	 ﾠnot	 ﾠ
determined	 ﾠ
	 ﾠ
2.5.	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠApproach	 ﾠ
Following	 ﾠthe	 ﾠdisappointing	 ﾠresults	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Spengler	 ﾠreactions,	 ﾠwe	 ﾠproposed	 ﾠa	 ﾠchange	 ﾠof	 ﾠ
direction	 ﾠ in	 ﾠ search	 ﾠ of	 ﾠ improved	 ﾠ yields,	 ﾠ with	 ﾠ a	 ﾠ Pictet-ﾭ‐Hubert	 ﾠ approach.	 ﾠ 	 ﾠ This	 ﾠ reaction	 ﾠ has	 ﾠ
undergone	 ﾠ great	 ﾠ development	 ﾠ since	 ﾠ its	 ﾠ first	 ﾠ report	 ﾠ in	 ﾠ the	 ﾠ late	 ﾠ 19
th	 ﾠ century	 ﾠ in	 ﾠ the	 ﾠ thermal	 ﾠ
dehydrative	 ﾠcyclizations	 ﾠof	 ﾠamides	 ﾠwith	 ﾠZnCl2.
104	 ﾠFirstly,	 ﾠMorgan	 ﾠand	 ﾠWalls	 ﾠrepeated	 ﾠthe	 ﾠsame	 ﾠ
reactions	 ﾠas	 ﾠPictet	 ﾠand	 ﾠHubert	 ﾠusing	 ﾠPOCl3	 ﾠin	 ﾠplace	 ﾠof	 ﾠZnCl2	 ﾠand	 ﾠlower	 ﾠtemperatures	 ﾠto	 ﾠaffect	 ﾠ
successful	 ﾠdehydrative	 ﾠcyclizations	 ﾠvia	 ﾠan	 ﾠimidoyl	 ﾠchloride/nitrilium	 ﾠion	 ﾠintermediate.
105	 ﾠWhile	 ﾠthis	 ﾠ
improvement	 ﾠis	 ﾠnotable,	 ﾠwe	 ﾠwere	 ﾠconcerned	 ﾠthe	 ﾠhigh	 ﾠtemperatures	 ﾠand	 ﾠstrongly	 ﾠacidic	 ﾠreaction	 ﾠ
conditions	 ﾠ would	 ﾠ not	 ﾠ be	 ﾠ compatible	 ﾠ with	 ﾠ our	 ﾠ pyrrole	 ﾠ moiety.	 ﾠ 	 ﾠ Recently,	 ﾠ Movassaghi	 ﾠ in	 ﾠ his	 ﾠ
investigations	 ﾠ into	 ﾠ Bischler-ﾭ‐Napieralski	 ﾠ and	 ﾠ Pictet-ﾭ‐Hubert	 ﾠ reactions	 ﾠ has	 ﾠ successfully	 ﾠ employed	 ﾠ
Tf2O	 ﾠas	 ﾠa	 ﾠdehydrative	 ﾠagent,	 ﾠactive	 ﾠat	 ﾠ≤rt	 ﾠin	 ﾠneutral	 ﾠconditions.
106	 ﾠ In	 ﾠ these	 ﾠ investigations,	 ﾠ he	 ﾠ
reports	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠa	 ﾠdiverse	 ﾠarray	 ﾠof	 ﾠquinolines	 ﾠand	 ﾠβ-ﾭ‐carbolines,	 ﾠresembling	 ﾠthat	 ﾠof	 ﾠour	 ﾠ
system	 ﾠ(scheme	 ﾠ68).	 ﾠ	 ﾠIndeed,	 ﾠclosely	 ﾠrelated	 ﾠto	 ﾠour	 ﾠsystem,	 ﾠsuccessful	 ﾠcyclizations	 ﾠwith	 ﾠthiophene	 ﾠ
and	 ﾠindole	 ﾠnucleophiles	 ﾠwere	 ﾠobserved,	 ﾠin	 ﾠexcellent	 ﾠyield.	 ﾠ	 ﾠKey	 ﾠto	 ﾠour	 ﾠinterest	 ﾠin	 ﾠthese	 ﾠconditions	 ﾠ
was	 ﾠthe	 ﾠneutral/basic	 ﾠpH	 ﾠand	 ﾠlow	 ﾠtemperatures	 ﾠat	 ﾠwhich	 ﾠthese	 ﾠreactions	 ﾠwere	 ﾠperformed.	 ﾠ
	 ﾠ
Scheme	 ﾠ68.	 ﾠMovassaghi	 ﾠTf2O	 ﾠpromoted	 ﾠBischler-ﾭ‐Napieralski	 ﾠand	 ﾠPictet-ﾭ‐Hubert	 ﾠreactions.	 ﾠ
	 ﾠ
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 ﾠ
2.5.1.	 ﾠAmide	 ﾠFormations	 ﾠ
In	 ﾠ order	 ﾠ to	 ﾠ access	 ﾠ marinoquinoline	 ﾠ A,	 ﾠ we	 ﾠ were	 ﾠ required	 ﾠ to	 ﾠ synthesise	 ﾠ amide	 ﾠ 304,	 ﾠ which	 ﾠ we	 ﾠ
achieved	 ﾠusing	 ﾠacetic	 ﾠanhydride	 ﾠ(table	 ﾠ25,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠFor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠthe	 ﾠremaining	 ﾠamides,	 ﾠwe	 ﾠ
proposed	 ﾠthe	 ﾠuse	 ﾠof	 ﾠthe	 ﾠcoupling	 ﾠagent	 ﾠPyBOP	 ﾠas	 ﾠthe	 ﾠactivating	 ﾠagent	 ﾠfor	 ﾠamide	 ﾠbond	 ﾠformation	 ﾠ
and	 ﾠthe	 ﾠcorresponding	 ﾠacids.	 ﾠ	 ﾠHowever,	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠacid	 ﾠ299	 ﾠafter	 ﾠ6	 ﾠh,	 ﾠthere	 ﾠwas	 ﾠno	 ﾠevidence	 ﾠof	 ﾠ
conversion	 ﾠ and	 ﾠ 100%	 ﾠ aniline	 ﾠ 268	 ﾠ was	 ﾠrecovered	 ﾠ (entry	 ﾠ 2).	 ﾠ 	 ﾠ We	 ﾠ had	 ﾠ previously	 ﾠ seen	 ﾠ the	 ﾠ low	 ﾠ
reactivity	 ﾠof	 ﾠthis	 ﾠaniline,	 ﾠwhen	 ﾠattempting	 ﾠto	 ﾠprepare	 ﾠimines	 ﾠas	 ﾠprecursors	 ﾠfor	 ﾠsubsequent	 ﾠPictet-ﾭ‐
Spengler	 ﾠreactions	 ﾠ(table	 ﾠ23,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠWe	 ﾠdecided	 ﾠupon	 ﾠutilisation	 ﾠof	 ﾠacyl	 ﾠchlorides	 ﾠfor	 ﾠthis	 ﾠ
transformation.	 ﾠ	 ﾠSOCl2	 ﾠand	 ﾠ(COCl)2	 ﾠwere	 ﾠsuccessful	 ﾠin	 ﾠconverting	 ﾠthe	 ﾠcorresponding	 ﾠacids	 ﾠto	 ﾠtheir	 ﾠ
acyl	 ﾠchlorides	 ﾠand	 ﾠwe	 ﾠobserved	 ﾠsuccessful	 ﾠconversions	 ﾠin	 ﾠall	 ﾠcases	 ﾠ(e.g.	 ﾠentries	 ﾠ3-ﾭ‐4).	 ﾠ	 ﾠWe	 ﾠwere	 ﾠnot	 ﾠ
however	 ﾠsatisfied	 ﾠwith	 ﾠthe	 ﾠoverall	 ﾠyields	 ﾠfor	 ﾠthe	 ﾠtransformation	 ﾠto	 ﾠthe	 ﾠamides.	 ﾠWe	 ﾠassumed	 ﾠthe	 ﾠ
acidity	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠconditions	 ﾠin	 ﾠforming	 ﾠthe	 ﾠacid	 ﾠchlorides	 ﾠwas	 ﾠdegrading	 ﾠthe	 ﾠaniline,	 ﾠor	 ﾠthe	 ﾠ
acid	 ﾠchlorides	 ﾠthemselves	 ﾠwere	 ﾠnot	 ﾠpreserved	 ﾠin	 ﾠthe	 ﾠreaction	 ﾠconditions.	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠ
the	 ﾠliterature,	 ﾠpoor	 ﾠconversions	 ﾠto	 ﾠamides	 ﾠfrom	 ﾠacid	 ﾠchlorides	 ﾠhas	 ﾠbeen	 ﾠobserved	 ﾠdespite	 ﾠthe	 ﾠ
apparent	 ﾠ simplicity	 ﾠ of	 ﾠ this	 ﾠ reaction.
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 ﾠ In	 ﾠ some	 ﾠ of	 ﾠ these	 ﾠ cases,	 ﾠ the	 ﾠ Appel	 ﾠ reaction	 ﾠ has	 ﾠ been	 ﾠ
successfully	 ﾠimplemented	 ﾠto	 ﾠafford	 ﾠacyl	 ﾠchlorides	 ﾠfrom	 ﾠtheir	 ﾠcorresponding	 ﾠacids	 ﾠwithout	 ﾠin	 ﾠsitu	 ﾠ
generation	 ﾠof	 ﾠHCl.	 ﾠ	 ﾠIndeed,	 ﾠVilleneuve	 ﾠet	 ﾠal.	 ﾠreport	 ﾠthe	 ﾠutilisation	 ﾠof	 ﾠhexachloroacetone	 ﾠ(HCA)	 ﾠfor	 ﾠ
the	 ﾠ preparation	 ﾠ of	 ﾠ acid	 ﾠ chlorides	 ﾠ via	 ﾠ a	 ﾠ chlorophosphonium	 ﾠ salt,	 ﾠ and	 ﾠ report	 ﾠ a	 ﾠ significant	 ﾠ
improvement	 ﾠin	 ﾠyield	 ﾠof	 ﾠthe	 ﾠamide	 ﾠvs.	 ﾠacid	 ﾠchloride	 ﾠprepared	 ﾠusing	 ﾠSOCl2	 ﾠin	 ﾠtheir	 ﾠsystem
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 ﾠWe	 ﾠ
were	 ﾠpleased	 ﾠto	 ﾠobserve	 ﾠa	 ﾠsimilar	 ﾠoutcome	 ﾠin	 ﾠour	 ﾠcase	 ﾠ(entries	 ﾠ5-ﾭ‐6).	 ﾠ	 ﾠHowever	 ﾠwe	 ﾠwere	 ﾠstill	 ﾠnot	 ﾠ
entirely	 ﾠsatisfied	 ﾠwith	 ﾠour	 ﾠresults	 ﾠsince	 ﾠin	 ﾠsome	 ﾠcases,	 ﾠpoor	 ﾠyields	 ﾠwere	 ﾠstill	 ﾠa	 ﾠcause	 ﾠfor	 ﾠconcern	 ﾠ
(entries	 ﾠ7-ﾭ‐8).	 ﾠ	 ﾠWe	 ﾠnext	 ﾠtried	 ﾠcarbodiimides	 ﾠas	 ﾠthe	 ﾠcoupling	 ﾠagent,	 ﾠand	 ﾠto	 ﾠour	 ﾠsurprise	 ﾠgiven	 ﾠthe	 ﾠ
previous	 ﾠfailure	 ﾠof	 ﾠPyBOP,	 ﾠthis	 ﾠapproach	 ﾠgratifyingly	 ﾠafforded	 ﾠamides	 ﾠin	 ﾠvery	 ﾠgood	 ﾠyield	 ﾠusing	 ﾠDIC	 ﾠ
with	 ﾠno	 ﾠobservable	 ﾠdegradation	 ﾠ(entries	 ﾠ9-ﾭ‐13).	 ﾠ
Scheme	 ﾠ69.	 ﾠGeneral	 ﾠscheme	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠamides	 ﾠ304-ﾭ‐309.	 ﾠ
R1
O
OR2
Boc
N
HN
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305 (R1 = Bn)
306 (R1 = i-Bu)
307 (R1 = 3-pyridyl)
308 (R1 = 2-pyrrole)
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O
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Boc
N
NH2
268
+	 ﾠ 64	 ﾠ
Entry	 ﾠ
Aniline	 ﾠ
(1	 ﾠeq.)	 ﾠ
Acid/	 ﾠ
anhydride	 ﾠ
Reaction	 ﾠconditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ
(yield)	 ﾠ
1	 ﾠ 268	 ﾠ 298	 ﾠ(1.2	 ﾠeq.)	 ﾠ
Et3N	 ﾠ(2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(83%)	 ﾠ
2	 ﾠ 268	 ﾠ 299	 ﾠ(1.2	 ﾠeq.)	 ﾠ
PyBop	 ﾠ(1.2	 ﾠeq.),	 ﾠEtN(i-ﾭ‐Pr)2	 ﾠ(1.2	 ﾠeq.),	 ﾠ
CH2Cl2,	 ﾠ6	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
3	 ﾠ 268	 ﾠ 299	 ﾠ(2.0	 ﾠeq.)	 ﾠ SOCl2	 ﾠ(2.5	 ﾠeq.),	 ﾠEt3N	 ﾠ(5	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ1	 ﾠh	 ﾠ
302	 ﾠ
(57%)	 ﾠ
4	 ﾠ 268	 ﾠ 299	 ﾠ(2.0	 ﾠeq.)	 ﾠ
(COCl)2	 ﾠ(2.5	 ﾠeq.),	 ﾠEt3N	 ﾠ(5	 ﾠeq.),	 ﾠcat.	 ﾠ
DMF,	 ﾠCH2Cl2,	 ﾠ1	 ﾠh	 ﾠ
302	 ﾠ
(69%)	 ﾠ
5	 ﾠ 268	 ﾠ 299	 ﾠ(3.0	 ﾠeq.)	 ﾠ
HCA	 ﾠ(1.5	 ﾠeq.),	 ﾠPPh3	 ﾠ(3	 ﾠeq.)	 ﾠEt3N	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(1.5	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ1	 ﾠh	 ﾠ
302	 ﾠ
(81%)	 ﾠ
6	 ﾠ 268	 ﾠ 300	 ﾠ(3.0	 ﾠeq.)	 ﾠ
HCA	 ﾠ(1.5	 ﾠeq.),	 ﾠPPh3	 ﾠ(3	 ﾠeq.)	 ﾠEt3N	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(1.5	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(64%)	 ﾠ
7	 ﾠ 268	 ﾠ 301	 ﾠ(3.0	 ﾠeq.)	 ﾠ
HCA	 ﾠ(1.5	 ﾠeq.),	 ﾠPPh3	 ﾠ(3	 ﾠeq.)	 ﾠEt3N	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(1.5	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(27%)	 ﾠ
8	 ﾠ 268	 ﾠ 302	 ﾠ(3.0	 ﾠeq.)	 ﾠ
HCA	 ﾠ(1.5	 ﾠeq.),	 ﾠPPh3	 ﾠ(3	 ﾠeq.)	 ﾠEt3N	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
(1.5	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ1	 ﾠh	 ﾠ 	 ﾠ
(14%)	 ﾠ
9	 ﾠ 268	 ﾠ 299	 ﾠ(1.0	 ﾠeq.)	 ﾠ
DIC	 ﾠ(1.2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(89%)	 ﾠ
10	 ﾠ 268	 ﾠ 301	 ﾠ(1.0	 ﾠeq.)	 ﾠ
DIC	 ﾠ(1.2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
16	 ﾠh	 ﾠ 	 ﾠ
(92%)	 ﾠ
11	 ﾠ 268	 ﾠ 302	 ﾠ(1.0	 ﾠeq.)	 ﾠ
DIC	 ﾠ(1.2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(72%)	 ﾠ
12	 ﾠ 268	 ﾠ 300	 ﾠ(1.0	 ﾠeq.)	 ﾠ
DIC	 ﾠ(1.2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(96%)	 ﾠ
13	 ﾠ 268	 ﾠ 303	 ﾠ(1.0	 ﾠeq.)	 ﾠ
DIC	 ﾠ(1.2	 ﾠeq.),	 ﾠDMAP	 ﾠ(0.05	 ﾠeq.),	 ﾠCH2Cl2,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(81%)	 ﾠ
Table	 ﾠ25.	 ﾠMethod	 ﾠdevelopment	 ﾠof	 ﾠamide	 ﾠbond	 ﾠformations.	 ﾠ	 ﾠ
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2.5.2.	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠMethod	 ﾠDevelopment	 ﾠ
Satisfied	 ﾠ with	 ﾠ our	 ﾠ procedure	 ﾠ towards	 ﾠ the	 ﾠ desired	 ﾠ amides,	 ﾠ we	 ﾠ set	 ﾠ about	 ﾠ investigating	 ﾠ the	 ﾠ
application	 ﾠof	 ﾠMovassaghi's	 ﾠPictet-ﾭ‐Hubert	 ﾠconditions	 ﾠtowards	 ﾠsuccessful	 ﾠcyclizations	 ﾠwith	 ﾠpyrrole	 ﾠ
nucleophiles	 ﾠ(scheme	 ﾠ70).	 ﾠ
	 ﾠ
Scheme	 ﾠ70.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloquinolines	 ﾠ312-ﾭ‐317	 ﾠfrom	 ﾠamides	 ﾠ304-ﾭ‐311.	 ﾠ
	 ﾠ
Movassaghi	 ﾠ had	 ﾠ developed	 ﾠ his	 ﾠ conditions	 ﾠ using	 ﾠ pendent	 ﾠ π-ﾭ‐nucleophiles	 ﾠ such	 ﾠ as	 ﾠ aryl,	 ﾠ alkenyl,	 ﾠ
thiophene	 ﾠ and	 ﾠ indole,	 ﾠ with	 ﾠ the	 ﾠ dehydrative	 ﾠ cyclizations	 ﾠ occurring	 ﾠ initially	 ﾠ at	 ﾠ -ﾭ‐78	 ﾠ
oC	 ﾠ before	 ﾠ
warming	 ﾠto	 ﾠrt	 ﾠor	 ﾠabove.	 ﾠ	 ﾠGiven	 ﾠthe	 ﾠgreater	 ﾠgeneral	 ﾠreactivity	 ﾠof	 ﾠpyrroles	 ﾠcompared	 ﾠto	 ﾠthese	 ﾠ
nucleophiles,	 ﾠwe	 ﾠinitially	 ﾠdecided	 ﾠto	 ﾠfollow	 ﾠthis	 ﾠapproach,	 ﾠbut	 ﾠensure	 ﾠcareful	 ﾠmonitoring	 ﾠof	 ﾠthe	 ﾠ
reaction	 ﾠ by	 ﾠ TLC.	 ﾠ 	 ﾠ As	 ﾠ can	 ﾠ be	 ﾠ seen	 ﾠ in	 ﾠ table	 ﾠ 26,	 ﾠ initially	 ﾠ application	 ﾠ of	 ﾠ pyrroloamide	 ﾠ 310	 ﾠ to	 ﾠ
Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠ reaction	 ﾠ conditions	 ﾠ afforded	 ﾠ both	 ﾠ the	 ﾠ corresponding	 ﾠ deprotected	 ﾠ
pyrroloamide	 ﾠ(318)	 ﾠand	 ﾠthe	 ﾠdeprotected	 ﾠcyclized	 ﾠproduct	 ﾠ–	 ﾠmarinoquinoline	 ﾠC	 ﾠ(table	 ﾠ25,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠ
Attempts	 ﾠto	 ﾠaccess	 ﾠmarinoquinoline	 ﾠA	 ﾠfrom	 ﾠpyrroloamide	 ﾠ311	 ﾠusing	 ﾠthe	 ﾠsame	 ﾠconditions	 ﾠfailed,	 ﾠ
with	 ﾠsignificant	 ﾠdegradation	 ﾠobserved	 ﾠby	 ﾠTLC	 ﾠanalysis	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠIt	 ﾠappeared	 ﾠthe	 ﾠdeprotection	 ﾠwas	 ﾠ
occurring	 ﾠfaster	 ﾠthan	 ﾠthe	 ﾠcyclization,	 ﾠso	 ﾠwe	 ﾠmoved	 ﾠto	 ﾠthe	 ﾠBoc	 ﾠprotected	 ﾠpyrroloquinolines,	 ﾠin	 ﾠthe	 ﾠ
hope	 ﾠthese	 ﾠpyrroloamides	 ﾠwould	 ﾠbe	 ﾠmore	 ﾠstable	 ﾠin	 ﾠthe	 ﾠreaction	 ﾠconditions,	 ﾠand	 ﾠchose	 ﾠamide	 ﾠ305	 ﾠ
as	 ﾠour	 ﾠtest	 ﾠsystem.	 ﾠ	 ﾠUsing	 ﾠpyrroloamide	 ﾠ305,	 ﾠno	 ﾠdeprotection	 ﾠat	 ﾠany	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠreaction	 ﾠwas	 ﾠ
observed,	 ﾠwhile	 ﾠpyrroloquinoline	 ﾠ312	 ﾠwas	 ﾠidentified	 ﾠin	 ﾠa	 ﾠmodest	 ﾠ14%	 ﾠisolated	 ﾠyield	 ﾠ(entry	 ﾠ3)	 ﾠwith	 ﾠ
significant	 ﾠ degradation	 ﾠ observed	 ﾠ by	 ﾠ TLC	 ﾠ analysis.	 ﾠ 	 ﾠ We	 ﾠ subsequently	 ﾠ decided	 ﾠ to	 ﾠ maintain	 ﾠ the	 ﾠ
reaction	 ﾠtemperature	 ﾠat	 ﾠ-ﾭ‐78	 ﾠ
oC	 ﾠfor	 ﾠthe	 ﾠentirety	 ﾠof	 ﾠthe	 ﾠreaction,	 ﾠthough	 ﾠit	 ﾠappeared	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠ
Et3N	 ﾠto	 ﾠquench	 ﾠthe	 ﾠtriflate	 ﾠsalts	 ﾠpromoted	 ﾠdegradation	 ﾠwith	 ﾠa	 ﾠstrong	 ﾠred	 ﾠcolour	 ﾠobserved	 ﾠ(entry	 ﾠ4).	 ﾠ	 ﾠ
Dilution	 ﾠof	 ﾠEt3N	 ﾠto	 ﾠa	 ﾠ20%	 ﾠv/v	 ﾠsolution	 ﾠin	 ﾠCH2Cl2	 ﾠdid	 ﾠnot	 ﾠimprove	 ﾠthe	 ﾠoutcome	 ﾠ(entry	 ﾠ5)	 ﾠwhile	 ﾠ	 ﾠ
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 ﾠ 66	 ﾠ
Entry	 ﾠ
Amide	 ﾠ
(1	 ﾠeq.)	 ﾠ
Reaction	 ﾠconditions	 ﾠ
Quench	 ﾠ
conditions	 ﾠ
Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
1	 ﾠ 310	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(1.2	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ200	 ﾠmM,	 ﾠ20	 ﾠ
min	 ﾠ
Et3N	 ﾠ
	 ﾠ	 ﾠ	 ﾠ 	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(9%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(36%)	 ﾠ
2	 ﾠ 311	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(1.2	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ200	 ﾠmM,	 ﾠ35	 ﾠ
min	 ﾠ
Et3N	 ﾠ n.d.	 ﾠ
3	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(1.2	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ200	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
Et3N	 ﾠ
	 ﾠ
(14%)	 ﾠ
4	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(1.2	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC,	 ﾠ200	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
Et3N	 ﾠ
	 ﾠ
(12%)	 ﾠ
5	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(1.2	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC,	 ﾠ200	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
20%	 ﾠEt3N	 ﾠin	 ﾠ
CH2Cl2	 ﾠ 	 ﾠ
(17%)	 ﾠ
6	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(2.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC,	 ﾠ200	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
20%	 ﾠEt3N	 ﾠin	 ﾠ
CH2Cl2	 ﾠ
n.d.	 ﾠ
7	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(2.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC,	 ﾠ28	 ﾠmM,	 ﾠ	 ﾠ1	 ﾠh	 ﾠ
20%	 ﾠEt3N	 ﾠin	 ﾠ
CH2Cl2	 ﾠ 	 ﾠ
(45%)	 ﾠ
8	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(1.1	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(2.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ28	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
sat.	 ﾠaq.	 ﾠ
NaHCO3	 ﾠ 	 ﾠ
(63%)	 ﾠ
9	 ﾠ 305	 ﾠ
Tf2O	 ﾠ(2.0	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(4.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ28	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
sat.	 ﾠaq.	 ﾠ
NaHCO3	 ﾠ 	 ﾠ
(86%)	 ﾠ
10	 ﾠ 304	 ﾠ
Tf2O	 ﾠ(2.0	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(4.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ28	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
sat.	 ﾠaq.	 ﾠ
NaHCO3	 ﾠ 	 ﾠ
(83%)	 ﾠ
11	 ﾠ 306	 ﾠ
Tf2O	 ﾠ(2.0	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(4.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ28	 ﾠmM,	 ﾠ1	 ﾠh	 ﾠ
sat.	 ﾠaq.	 ﾠ
NaHCO3	 ﾠ 	 ﾠ
(79%)	 ﾠ
12	 ﾠ 309	 ﾠ
Tf2O	 ﾠ(2.0	 ﾠeq.),	 ﾠ2-ﾭ‐ClPyr	 ﾠ(4.0	 ﾠ
eq.),	 ﾠ-ﾭ‐78	 ﾠ
oC-ﾭ‐rt,	 ﾠ28	 ﾠmM,	 ﾠ4	 ﾠh	 ﾠ
sat.	 ﾠaq.	 ﾠ
NaHCO3	 ﾠ
	 ﾠ
(89%)	 ﾠ
Table	 ﾠ26.	 ﾠResults	 ﾠof	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠpyrroloquinoline	 ﾠreactions.	 ﾠn.d.	 ﾠ=	 ﾠnot	 ﾠdetermined.	 ﾠ
	 ﾠ
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 ﾠ
increasing	 ﾠthe	 ﾠequivalents	 ﾠof	 ﾠ2-ﾭ‐ClPyr	 ﾠalso	 ﾠfailed	 ﾠto	 ﾠhalt	 ﾠdegradation	 ﾠ(entry	 ﾠ6).	 ﾠ	 ﾠFinally,	 ﾠsignificant	 ﾠ
dilution	 ﾠ of	 ﾠ the	 ﾠ reaction	 ﾠ mixture	 ﾠ did	 ﾠ avoid	 ﾠ the	 ﾠ degradation	 ﾠ issues	 ﾠ that	 ﾠ had	 ﾠ impeded	 ﾠ us,	 ﾠ but	 ﾠ
complete	 ﾠconversion	 ﾠwas	 ﾠnot	 ﾠpossible	 ﾠ(entry	 ﾠ7).	 ﾠ	 ﾠIn	 ﾠan	 ﾠeffort	 ﾠto	 ﾠpromote	 ﾠfull	 ﾠconversion,	 ﾠwe	 ﾠ
returned	 ﾠ to	 ﾠ rt	 ﾠ reaction	 ﾠ conditions,	 ﾠ and	 ﾠ changed	 ﾠ the	 ﾠ quench	 ﾠ protocol,	 ﾠ which	 ﾠ improved	 ﾠ the	 ﾠ
reaction	 ﾠ outcome	 ﾠ only	 ﾠ slightly	 ﾠ (entry	 ﾠ 8).	 ﾠ	 ﾠIncreasing	 ﾠthe	 ﾠequivalents	 ﾠratio	 ﾠ from	 ﾠ 1.0:1.2:1.4	 ﾠ to	 ﾠ
1.0:2.0:4.0	 ﾠ for	 ﾠ amide,	 ﾠ Tf2O	 ﾠ and	 ﾠ 2-ﾭ‐ClPyr	 ﾠ respectively	 ﾠ did	 ﾠ achieve	 ﾠ full	 ﾠ consumption	 ﾠ of	 ﾠ amide	 ﾠ
according	 ﾠto	 ﾠTLC	 ﾠand	 ﾠwe	 ﾠwere	 ﾠpleased	 ﾠto	 ﾠobserve	 ﾠa	 ﾠyield	 ﾠof	 ﾠ86%	 ﾠof	 ﾠpyrroloquinoline	 ﾠ312	 ﾠafter	 ﾠ
flash	 ﾠ column	 ﾠ chromatography	 ﾠ (entry	 ﾠ 9).	 ﾠ 	 ﾠ With	 ﾠ a	 ﾠ successful	 ﾠ protocol	 ﾠ to	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ 3H-ﾭ‐
pyrrolo[2,3c]quinolines	 ﾠ in	 ﾠ hand,	 ﾠ we	 ﾠ subjected	 ﾠ amides	 ﾠ 304,	 ﾠ 306	 ﾠ and	 ﾠ 309	 ﾠ for	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ
marinoquinolines	 ﾠA,	 ﾠB	 ﾠand	 ﾠE.	 ﾠ	 ﾠWe	 ﾠwere	 ﾠpleased	 ﾠto	 ﾠsee	 ﾠthe	 ﾠgeneral	 ﾠapplicability	 ﾠof	 ﾠour	 ﾠMovassaghi-ﾭ‐
Pictet-ﾭ‐Hubert	 ﾠ protocol	 ﾠ to	 ﾠ these	 ﾠ substrates,	 ﾠ and	 ﾠ accessed	 ﾠ N-ﾭ‐Boc-ﾭ‐protected	 ﾠ precursors	 ﾠ of	 ﾠ
marinoquinolines	 ﾠA,	 ﾠB,	 ﾠC	 ﾠand	 ﾠE	 ﾠin	 ﾠ79-ﾭ‐89%	 ﾠchemical	 ﾠyield	 ﾠupon	 ﾠpurification	 ﾠ(entries	 ﾠ9-ﾭ‐12).	 ﾠ	 ﾠWith	 ﾠthe	 ﾠ
N-ﾭ‐Boc-ﾭ‐protected	 ﾠ pyrroloquinolines	 ﾠ in	 ﾠ hand,	 ﾠ we	 ﾠ were	 ﾠ confident	 ﾠ of	 ﾠ rapidly	 ﾠ accessing	 ﾠ the	 ﾠ
marinoquinolines,	 ﾠand	 ﾠaplidiopsamine	 ﾠA.	 ﾠ
	 ﾠ
2.6.	 ﾠCompletion	 ﾠof	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠthe	 ﾠMarinoquinoline	 ﾠAlkaloids	 ﾠ
Having	 ﾠoptimised	 ﾠthe	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠreaction	 ﾠconditions,	 ﾠwe	 ﾠset	 ﾠabout	 ﾠcompleting	 ﾠthe	 ﾠ
total	 ﾠsynthesis	 ﾠof	 ﾠthe	 ﾠmarinoquinolines	 ﾠby	 ﾠimplementing	 ﾠa	 ﾠBoc-ﾭ‐deprotection	 ﾠprotocol.	 ﾠ	 ﾠThrough	 ﾠ
synthetic	 ﾠinvestigation,	 ﾠwe	 ﾠfound	 ﾠthe	 ﾠuse	 ﾠof	 ﾠNaOMe	 ﾠto	 ﾠprovide	 ﾠsuperior	 ﾠresults	 ﾠto	 ﾠthat	 ﾠafforded	 ﾠ
by	 ﾠthe	 ﾠacidic	 ﾠdeprotection	 ﾠin	 ﾠ4M	 ﾠHCl	 ﾠin	 ﾠdioxane.	 ﾠ	 ﾠThis	 ﾠprotocol	 ﾠafforded	 ﾠus	 ﾠmarinoquinolines	 ﾠA,	 ﾠB,	 ﾠ
C	 ﾠand	 ﾠE	 ﾠ(scheme	 ﾠ71).	 ﾠ	 ﾠA	 ﾠdisappointing	 ﾠyield	 ﾠof	 ﾠ46%	 ﾠfor	 ﾠmarinoquinoline	 ﾠE	 ﾠwas	 ﾠachieved,	 ﾠbut	 ﾠ
otherwise	 ﾠyields	 ﾠof	 ﾠ92-ﾭ‐97%	 ﾠfor	 ﾠmarinoquinolines	 ﾠA-ﾭ‐C	 ﾠwere	 ﾠsatisfying.	 ﾠ
	 ﾠ
Scheme	 ﾠ71.	 ﾠCompletion	 ﾠof	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠmarimoquinolines	 ﾠA,	 ﾠB,	 ﾠC	 ﾠand	 ﾠE.	 ﾠ
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2.7.	 ﾠTotal	 ﾠSynthesis	 ﾠof	 ﾠAplidiopsamine	 ﾠA	 ﾠ
With	 ﾠfour	 ﾠof	 ﾠthe	 ﾠsix	 ﾠmarinoquinolines	 ﾠprepared,	 ﾠfocus	 ﾠturned	 ﾠto	 ﾠaplidiopsamine	 ﾠA.	 ﾠ	 ﾠWe	 ﾠproposed	 ﾠ
a	 ﾠsimilar	 ﾠsynthetic	 ﾠprotocol	 ﾠtowards	 ﾠthe	 ﾠtarget	 ﾠas	 ﾠfor	 ﾠthe	 ﾠmarinoquinolines,	 ﾠwith	 ﾠPictet-ﾭ‐Hubert	 ﾠ
cyclization	 ﾠof	 ﾠthe	 ﾠrelevant	 ﾠamide	 ﾠ(scheme	 ﾠ72).	 ﾠ	 ﾠ
	 ﾠ
Scheme	 ﾠ72.	 ﾠApproach	 ﾠtowards	 ﾠaplidiopsamine	 ﾠA.	 ﾠ
	 ﾠ
N
9	 ﾠalkylation	 ﾠof	 ﾠadenine	 ﾠ(319)	 ﾠwith	 ﾠbenzyl-ﾭ‐2-ﾭ‐bromoacetate	 ﾠ(321)	 ﾠand	 ﾠsubsequent	 ﾠhydrogenolysis	 ﾠ
afforded	 ﾠacid	 ﾠ322	 ﾠin	 ﾠ36%	 ﾠyield.	 ﾠ	 ﾠThe	 ﾠlow	 ﾠyield	 ﾠis	 ﾠexplained	 ﾠby	 ﾠthe	 ﾠpoor	 ﾠsolubility	 ﾠof	 ﾠthe	 ﾠadenine	 ﾠin	 ﾠ
the	 ﾠ reaction	 ﾠ mixture.	 ﾠ	 ﾠSuccessful	 ﾠ amide	 ﾠ coupling	 ﾠ to	 ﾠ pyrroloaniline	 ﾠ 268	 ﾠ provided	 ﾠ us	 ﾠ with	 ﾠ key	 ﾠ
intermediate	 ﾠ amide	 ﾠ 324	 ﾠ in	 ﾠ an	 ﾠ unoptimized	 ﾠ 17%	 ﾠ yield.	 ﾠ 	 ﾠ Disappointingly,	 ﾠ we	 ﾠ did	 ﾠ not	 ﾠ observe	 ﾠ
conversion	 ﾠto	 ﾠthe	 ﾠdesired	 ﾠpyrroloquinoline	 ﾠ326	 ﾠusing	 ﾠour	 ﾠoptimized	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠ
conditions.	 ﾠ 	 ﾠ Concerned	 ﾠ free	 ﾠ N
6	 ﾠ was	 ﾠ compromising	 ﾠ our	 ﾠ cyclization,	 ﾠ global	 ﾠ N-ﾭ‐Boc-ﾭ‐protection	 ﾠ of	 ﾠ
adenine,	 ﾠ followed	 ﾠ by	 ﾠ selective	 ﾠ N
9	 ﾠ deprotection
109	 ﾠ and	 ﾠ subsequent	 ﾠ alkylation	 ﾠ with	 ﾠ benzyl-ﾭ‐2-ﾭ‐
bromoacetate	 ﾠ and	 ﾠ hydrogenolysis	 ﾠ afforded	 ﾠ acid	 ﾠ 323,	 ﾠ which	 ﾠ was	 ﾠ successfully	 ﾠ coupled	 ﾠ to	 ﾠ
pyrroloaniline	 ﾠ268	 ﾠto	 ﾠafford	 ﾠamide	 ﾠ325	 ﾠin	 ﾠ21%	 ﾠyield.	 ﾠ	 ﾠOn	 ﾠthis	 ﾠoccasion,	 ﾠthe	 ﾠconversion	 ﾠwas	 ﾠfar	 ﾠ
superior	 ﾠto	 ﾠthe	 ﾠisolated	 ﾠyield,	 ﾠwhich	 ﾠwas	 ﾠcompromised	 ﾠdue	 ﾠto	 ﾠco-ﾭ‐elution	 ﾠwith	 ﾠthe	 ﾠurea	 ﾠby-ﾭ‐product	 ﾠ
of	 ﾠthe	 ﾠDIC	 ﾠcoupling	 ﾠafter	 ﾠflash	 ﾠcolumn	 ﾠchromatography.	 ﾠ	 ﾠAs	 ﾠbefore,	 ﾠa	 ﾠsubsequent	 ﾠMovassaghi-ﾭ‐
Pictet-ﾭ‐Hubert	 ﾠreaction	 ﾠwas	 ﾠunsuccessful	 ﾠin	 ﾠaffording	 ﾠthe	 ﾠdesired	 ﾠpyrroloquinoline,	 ﾠand	 ﾠdue	 ﾠto	 ﾠa	 ﾠ
complicated	 ﾠreaction	 ﾠmixture,	 ﾠwe	 ﾠwere	 ﾠunable	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠoutcome	 ﾠof	 ﾠthe	 ﾠreaction.	 ﾠ	 ﾠWe	 ﾠ
determined	 ﾠ the	 ﾠ presence	 ﾠ of	 ﾠ an	 ﾠ adenine	 ﾠ unit	 ﾠ was	 ﾠ compromising	 ﾠ the	 ﾠ cyclization	 ﾠ step,	 ﾠ and	 ﾠ
considered	 ﾠ approaches	 ﾠ to	 ﾠ introduce	 ﾠ this	 ﾠ moiety	 ﾠ post-ﾭ‐cyclization.	 ﾠ 	 ﾠ Since	 ﾠ we	 ﾠ had	 ﾠ access	 ﾠ to	 ﾠ
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 ﾠ
pyrroloquinoline	 ﾠ315,	 ﾠwe	 ﾠproposed	 ﾠa	 ﾠradical	 ﾠbenzylic	 ﾠbromination,	 ﾠfollowed	 ﾠby	 ﾠan	 ﾠSN2	 ﾠreaction	 ﾠ
with	 ﾠadenine	 ﾠcould	 ﾠprovide	 ﾠus	 ﾠwith	 ﾠaccess	 ﾠto	 ﾠpyrroloquinoline	 ﾠ326	 ﾠ(scheme	 ﾠ73).	 ﾠ
	 ﾠ
Scheme	 ﾠ73.	 ﾠAttempts	 ﾠtoward	 ﾠaplidiopsamine	 ﾠA	 ﾠvia	 ﾠa	 ﾠbenzylic	 ﾠbromination	 ﾠof	 ﾠpyrroloquinoline	 ﾠ315.	 ﾠ
	 ﾠ
While	 ﾠthe	 ﾠradical	 ﾠbromination	 ﾠdid	 ﾠfurnish	 ﾠthe	 ﾠdesired	 ﾠbromo	 ﾠcompound,	 ﾠthe	 ﾠoverall	 ﾠyield	 ﾠwas	 ﾠvery	 ﾠ
low,	 ﾠwith	 ﾠvarious	 ﾠother	 ﾠproducts	 ﾠisolated,	 ﾠincluding	 ﾠnon-ﾭ‐specific	 ﾠbromination	 ﾠof	 ﾠthe	 ﾠpyrrole,	 ﾠand	 ﾠ
significant	 ﾠstarting	 ﾠmaterial	 ﾠ–	 ﾠpyrroloquinoline	 ﾠ315.	 ﾠ	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠwe	 ﾠdid	 ﾠnot	 ﾠexplore	 ﾠthe	 ﾠalkylation	 ﾠ
step	 ﾠto	 ﾠaccess	 ﾠ326	 ﾠat	 ﾠthis	 ﾠpoint	 ﾠas	 ﾠwe	 ﾠonly	 ﾠisolated	 ﾠ12	 ﾠmg	 ﾠof	 ﾠpyrroloquinoline	 ﾠ328.	 ﾠ	 ﾠIn	 ﾠresponse	 ﾠto	 ﾠ
the	 ﾠ poor	 ﾠ results	 ﾠ for	 ﾠ the	 ﾠ benzylic	 ﾠ bromination,	 ﾠ instead	 ﾠ of	 ﾠ attempting	 ﾠ to	 ﾠ optimize	 ﾠ these	 ﾠ
bromination	 ﾠconditions,	 ﾠwe	 ﾠquestioned	 ﾠwhether	 ﾠour	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠconditions	 ﾠwould	 ﾠ
facilitate	 ﾠthe	 ﾠcyclization	 ﾠof	 ﾠα-ﾭ‐bromo	 ﾠamide	 ﾠ330	 ﾠto	 ﾠprovide	 ﾠus	 ﾠwith	 ﾠpyrroloquinoline	 ﾠ328	 ﾠ(scheme	 ﾠ
74).	 ﾠ	 ﾠAmide	 ﾠ330	 ﾠwas	 ﾠafforded	 ﾠusing	 ﾠour	 ﾠDIC	 ﾠcoupling	 ﾠprotocol	 ﾠin	 ﾠ96%	 ﾠyield,	 ﾠand	 ﾠwe	 ﾠwere	 ﾠgratified	 ﾠ
our	 ﾠMovassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠconditions	 ﾠproceeded	 ﾠvery	 ﾠsmoothly,	 ﾠto	 ﾠafford	 ﾠthe	 ﾠdesired	 ﾠbromo	 ﾠ
pyrroloquinoline	 ﾠ328	 ﾠin	 ﾠ89%	 ﾠyield.	 ﾠ	 ﾠWe	 ﾠfound	 ﾠCs2CO3	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠa	 ﾠbetter	 ﾠalkylation	 ﾠprotocol	 ﾠ
than	 ﾠthat	 ﾠpreviously	 ﾠachieved	 ﾠwith	 ﾠNaH	 ﾠ(scheme	 ﾠ72)	 ﾠyet	 ﾠwe	 ﾠstill	 ﾠonly	 ﾠaccessed	 ﾠ326	 ﾠin	 ﾠ36%	 ﾠyield	 ﾠ
using	 ﾠ adenine.	 ﾠ 	 ﾠ Bis-ﾭ‐Boc	 ﾠ adenine	 ﾠ 320	 ﾠ provided	 ﾠ a	 ﾠ much	 ﾠ more	 ﾠ gratifying	 ﾠ 83%	 ﾠ of	 ﾠ 327	 ﾠ for	 ﾠ the	 ﾠ
alkylation,	 ﾠwhich	 ﾠwe	 ﾠattribute	 ﾠagain	 ﾠto	 ﾠgreater	 ﾠsolubility	 ﾠthan	 ﾠadenine	 ﾠ(319).	 ﾠ	 ﾠSince	 ﾠwe	 ﾠalready	 ﾠ
required	 ﾠN-ﾭ‐Boc	 ﾠdeprotection	 ﾠof	 ﾠthe	 ﾠpyrrole	 ﾠmoiety,	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠtwo	 ﾠfurther	 ﾠBoc	 ﾠgroups	 ﾠdoes	 ﾠ
not	 ﾠaffect	 ﾠthe	 ﾠsynthetic	 ﾠapproach	 ﾠin	 ﾠterms	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠlinear	 ﾠsteps.	 ﾠ
	 ﾠ
We	 ﾠ were	 ﾠ surprised	 ﾠ to	 ﾠ see	 ﾠ the	 ﾠ failure	 ﾠ of	 ﾠ our	 ﾠ NaOMe	 ﾠ protocol	 ﾠ during	 ﾠ attempts	 ﾠ towards	 ﾠ Boc	 ﾠ
removal,	 ﾠbut	 ﾠthis	 ﾠwas	 ﾠsuccessfully	 ﾠachieved	 ﾠin	 ﾠgood	 ﾠyield	 ﾠusing	 ﾠanhydrous	 ﾠ4M	 ﾠHCl	 ﾠin	 ﾠdioxanes	 ﾠ
(94%)	 ﾠto	 ﾠafford	 ﾠaplidiopsamine	 ﾠA	 ﾠin	 ﾠ7	 ﾠlinear	 ﾠsteps,	 ﾠand	 ﾠan	 ﾠoverall	 ﾠyield	 ﾠof	 ﾠ46%	 ﾠ(scheme	 ﾠ75).	 ﾠ
	 ﾠ
	 ﾠ
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Scheme	 ﾠ74.	 ﾠAttempts	 ﾠtoward	 ﾠaplidiopsamine	 ﾠA	 ﾠvia	 ﾠα-ﾭ‐bromo	 ﾠamide	 ﾠ330.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ75.	 ﾠSynthesis	 ﾠof	 ﾠaplidiopsamine	 ﾠA	 ﾠ
	 ﾠ
2.8.	 ﾠConstruction	 ﾠof	 ﾠa	 ﾠSmall	 ﾠLibrary	 ﾠof	 ﾠAnalogues	 ﾠ
With	 ﾠ marinoquinolines	 ﾠ A,	 ﾠ B,	 ﾠ C,	 ﾠ E	 ﾠ and	 ﾠ aplidiopsamine	 ﾠ A	 ﾠ in	 ﾠ hand,	 ﾠ we	 ﾠ embarked	 ﾠ upon	 ﾠ the	 ﾠ
preparation	 ﾠof	 ﾠa	 ﾠseries	 ﾠof	 ﾠanalogues	 ﾠfor	 ﾠbiological	 ﾠevaluation.	 ﾠ	 ﾠGiven	 ﾠthat	 ﾠthe	 ﾠIC50	 ﾠvalues	 ﾠwere	 ﾠvery	 ﾠ
similar	 ﾠfor	 ﾠeach	 ﾠmarinoquinoline	 ﾠfor	 ﾠeach	 ﾠof	 ﾠthe	 ﾠassays,	 ﾠwe	 ﾠdecided	 ﾠto	 ﾠfocus	 ﾠon	 ﾠmodifications	 ﾠof	 ﾠ
the	 ﾠsubstituent	 ﾠin	 ﾠposition	 ﾠ4	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠround	 ﾠof	 ﾠSAR.	 ﾠ	 ﾠWe	 ﾠproposed	 ﾠthis	 ﾠwould	 ﾠbe	 ﾠfacile	 ﾠchemistry	 ﾠ
since	 ﾠwe	 ﾠhad	 ﾠaccess	 ﾠto	 ﾠpyrroloquinoline	 ﾠ328.	 ﾠ	 ﾠWe	 ﾠproposed	 ﾠintroducing	 ﾠpolar	 ﾠgroups	 ﾠto	 ﾠdecrease	 ﾠ
the	 ﾠ LogP	 ﾠ of	 ﾠ the	 ﾠ analogues	 ﾠ compared	 ﾠ to	 ﾠ the	 ﾠ natural	 ﾠ products	 ﾠ in	 ﾠ order	 ﾠ to	 ﾠ improve	 ﾠ their	 ﾠ
pharmacokinetic	 ﾠprofile.	 ﾠ	 ﾠWe	 ﾠdid	 ﾠhowever	 ﾠdecide	 ﾠto	 ﾠreplace	 ﾠthe	 ﾠpyrrole	 ﾠfor	 ﾠa	 ﾠthiophene	 ﾠand	 ﾠ
synthesize	 ﾠ a	 ﾠ thienoquinoline,	 ﾠ as	 ﾠ this	 ﾠ would	 ﾠ provide	 ﾠ us	 ﾠ with	 ﾠ knowledge	 ﾠ of	 ﾠ the	 ﾠ importance	 ﾠ of	 ﾠ
potential	 ﾠ hydrogen	 ﾠ bond	 ﾠ interactions	 ﾠ with	 ﾠ the	 ﾠ corresponding	 ﾠ pyrrolo	 ﾠ moiety	 ﾠ in	 ﾠ the	 ﾠ natural	 ﾠ
products.	 ﾠ	 ﾠWe	 ﾠalso	 ﾠwanted	 ﾠto	 ﾠtruncate	 ﾠthe	 ﾠlinker	 ﾠto	 ﾠaccess	 ﾠdirect	 ﾠaryl-ﾭ‐aryl	 ﾠsubstitution	 ﾠof	 ﾠposition	 ﾠ
4,	 ﾠas	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠmarinoquinoline	 ﾠE.	 ﾠ
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 ﾠ
	 ﾠ
2.8.1.	 ﾠPyridinyl	 ﾠand	 ﾠPyrrolyl	 ﾠAnalogues	 ﾠ
We	 ﾠhad	 ﾠaccess	 ﾠto	 ﾠnicotinic	 ﾠacid	 ﾠ(301)	 ﾠand	 ﾠpyrrole-ﾭ‐2-ﾭ‐carboxylic	 ﾠacid	 ﾠ(302)	 ﾠand	 ﾠenvisioned	 ﾠrapid	 ﾠ
access	 ﾠ to	 ﾠ the	 ﾠ corresponding	 ﾠ pyrroloquinolines	 ﾠ via	 ﾠ their	 ﾠ amides	 ﾠ using	 ﾠ our	 ﾠ Movassaghi-ﾭ‐Pictet-ﾭ‐
Hubert	 ﾠprotocol	 ﾠto	 ﾠaccess	 ﾠsome	 ﾠtruncated	 ﾠanalogues	 ﾠ(scheme	 ﾠ76).	 ﾠ
	 ﾠ
Scheme	 ﾠ76.	 ﾠSynthetic	 ﾠapproach	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloquinolines	 ﾠ331	 ﾠand	 ﾠ332.	 ﾠ
	 ﾠ
While	 ﾠthe	 ﾠamides	 ﾠwere	 ﾠsuccessfully	 ﾠprepared	 ﾠusing	 ﾠour	 ﾠDIC	 ﾠcoupling	 ﾠmethod,	 ﾠwe	 ﾠwere	 ﾠunable	 ﾠto	 ﾠ
access	 ﾠthe	 ﾠdesired	 ﾠcyclized	 ﾠproducts	 ﾠusing	 ﾠour	 ﾠoptimised	 ﾠconditions.	 ﾠ	 ﾠThe	 ﾠfailure	 ﾠto	 ﾠcyclize	 ﾠamide	 ﾠ
307	 ﾠ appears	 ﾠ to	 ﾠ follow	 ﾠ the	 ﾠ observations	 ﾠ in	 ﾠ attempting	 ﾠ to	 ﾠ access	 ﾠ aplidiopsamine	 ﾠ A	 ﾠ via	 ﾠ the	 ﾠ
Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠapproach	 ﾠwith	 ﾠthe	 ﾠadenine	 ﾠunit	 ﾠin	 ﾠplace	 ﾠ(scheme	 ﾠ72).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠcase,	 ﾠafter	 ﾠ
repeated	 ﾠattempts,	 ﾠstarting	 ﾠmaterials	 ﾠwere	 ﾠrecovered	 ﾠfrom	 ﾠthe	 ﾠreaction.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠamide	 ﾠ308,	 ﾠ
we	 ﾠobserved	 ﾠa	 ﾠcomplicated	 ﾠreaction	 ﾠmixture,	 ﾠwhich	 ﾠwe	 ﾠdid	 ﾠnot	 ﾠattempt	 ﾠto	 ﾠinvestigate.	 ﾠ	 ﾠSince	 ﾠwe	 ﾠ
had	 ﾠobserved	 ﾠthe	 ﾠfailures	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Hubert	 ﾠreaction	 ﾠof	 ﾠN-ﾭ‐TIPS	 ﾠpyrroloamide	 ﾠ310	 ﾠpresumably	 ﾠ
due	 ﾠto	 ﾠthe	 ﾠdeprotection	 ﾠof	 ﾠthe	 ﾠpyrrole	 ﾠand	 ﾠsubsequent	 ﾠuncontrolled	 ﾠreactions	 ﾠ(table	 ﾠ26,	 ﾠentry	 ﾠ1),	 ﾠ
this	 ﾠwas	 ﾠperhaps	 ﾠnot	 ﾠsurprising.	 ﾠ	 ﾠUnfortunately,	 ﾠapproaches	 ﾠtowards	 ﾠBoc-ﾭ‐protection	 ﾠwere	 ﾠfruitless	 ﾠ
(scheme	 ﾠ77)	 ﾠand	 ﾠat	 ﾠthis	 ﾠpoint	 ﾠwe	 ﾠabandoned	 ﾠour	 ﾠwork	 ﾠon	 ﾠthese	 ﾠanalogues.	 ﾠ
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Scheme	 ﾠ77.	 ﾠFailed	 ﾠapproaches	 ﾠtowards	 ﾠthe	 ﾠN-ﾭ‐Boc-ﾭ‐protection	 ﾠof	 ﾠacid	 ﾠ302.	 ﾠ
	 ﾠ
2.8.2.	 ﾠAnalogues	 ﾠfrom	 ﾠthe	 ﾠAlkylation	 ﾠof	 ﾠpyrroloquinoline	 ﾠ328	 ﾠ
Our	 ﾠ synthetic	 ﾠ protocol	 ﾠ towards	 ﾠ aplidiopsamine	 ﾠ A	 ﾠ involved	 ﾠ pyrroloquinoline	 ﾠ 328	 ﾠ from	 ﾠ a	 ﾠ
Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠcyclization	 ﾠof	 ﾠthe	 ﾠcorresponding	 ﾠα-ﾭ‐bromo	 ﾠamide	 ﾠ330.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠa	 ﾠuseful	 ﾠ
synthetic	 ﾠ intermediate,	 ﾠ as	 ﾠ numerous	 ﾠ nucleophiles	 ﾠ could	 ﾠ be	 ﾠ reacted	 ﾠ with	 ﾠ it	 ﾠ to	 ﾠ access	 ﾠ a	 ﾠ large	 ﾠ
number	 ﾠof	 ﾠanalogues	 ﾠrapidly.	 ﾠ	 ﾠThe	 ﾠonly	 ﾠdisadvantage	 ﾠof	 ﾠthis	 ﾠapproach	 ﾠwas	 ﾠthe	 ﾠinability	 ﾠto	 ﾠaccess	 ﾠ
aryl-ﾭ‐aryl	 ﾠsystems,	 ﾠanalogous	 ﾠto	 ﾠthat	 ﾠof	 ﾠmarinoquinoline	 ﾠE.	 ﾠ	 ﾠNevertheless,	 ﾠwe	 ﾠwere	 ﾠable	 ﾠto	 ﾠchange	 ﾠ
the	 ﾠnature	 ﾠof	 ﾠsubstitution	 ﾠgreatly	 ﾠvia	 ﾠthis	 ﾠapproach	 ﾠ(scheme	 ﾠ78,	 ﾠtable	 ﾠ27).	 ﾠ
	 ﾠ
Scheme	 ﾠ78.	 ﾠSynthesis	 ﾠof	 ﾠpyrroloquinolines	 ﾠ341-ﾭ‐345	 ﾠfrom	 ﾠpyrroloquinoline	 ﾠ328.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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Entry	 ﾠ Nucleophile	 ﾠ	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ 	 ﾠ
	 ﾠ(1.0	 ﾠeq.)	 ﾠ
K2CO3	 ﾠ(3.3	 ﾠeq.),	 ﾠMeCN,	 ﾠ82	 ﾠ
oC,	 ﾠ48	 ﾠh	 ﾠ 	 ﾠ
(87%)	 ﾠ
2	 ﾠ 	 ﾠ
	 ﾠ(1.5	 ﾠeq.)	 ﾠ
K2CO3	 ﾠ(1.5	 ﾠeq.),	 ﾠMeCN,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(>99%)	 ﾠ
3	 ﾠ 	 ﾠ
	 ﾠ(1.5	 ﾠeq.)	 ﾠ
K2CO3	 ﾠ(1.5	 ﾠeq.),	 ﾠMeCN,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(88%)	 ﾠ
4	 ﾠ 	 ﾠ
	 ﾠ(1.5	 ﾠeq.)	 ﾠ
K2CO3	 ﾠ(1.5	 ﾠeq.),	 ﾠMeCN,	 ﾠ12	 ﾠh	 ﾠ
	 ﾠ
(100%)	 ﾠ
5	 ﾠ
340	 ﾠ
(2.0	 ﾠeq.)	 ﾠ
EtOH,	 ﾠ22	 ﾠh	 ﾠ
	 ﾠ
(100%)	 ﾠ
Table	 ﾠ27.	 ﾠReaction	 ﾠof	 ﾠvarious	 ﾠnucleophiles	 ﾠwith	 ﾠ330	 ﾠto	 ﾠafford	 ﾠpyrroloquinolines	 ﾠ341-ﾭ‐345.	 ﾠ
	 ﾠ
Azide	 ﾠ345	 ﾠwas	 ﾠsubjected	 ﾠto	 ﾠa	 ﾠHuisgen	 ﾠ1,3-ﾭ‐dipolar	 ﾠcycloaddition	 ﾠto	 ﾠafford	 ﾠtriazole	 ﾠ347	 ﾠ(scheme	 ﾠ79).	 ﾠ	 ﾠ
Our	 ﾠNaOMe	 ﾠconditions	 ﾠfor	 ﾠthe	 ﾠremoval	 ﾠof	 ﾠthe	 ﾠBoc	 ﾠgroup	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠfour	 ﾠpyrroloquinoline	 ﾠ
analogues	 ﾠ(scheme	 ﾠ80).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠpyrroloquinoline	 ﾠ341,	 ﾠthe	 ﾠconditions	 ﾠfor	 ﾠthe	 ﾠremoval	 ﾠof	 ﾠthe	 ﾠ
Boc	 ﾠgroups	 ﾠalso	 ﾠhydrolysed	 ﾠthe	 ﾠester	 ﾠto	 ﾠafford	 ﾠthe	 ﾠcorresponding	 ﾠalcohol	 ﾠ348.	 ﾠ	 ﾠThe	 ﾠsame	 ﾠwas	 ﾠtrue	 ﾠ
of	 ﾠpyrroloquinoline	 ﾠ347,	 ﾠbut	 ﾠa	 ﾠthermal	 ﾠdeprotection	 ﾠpreserved	 ﾠthe	 ﾠmethyl	 ﾠester	 ﾠfunctionality	 ﾠof	 ﾠ
the	 ﾠtriazole	 ﾠto	 ﾠafford	 ﾠpyrroloquinoline	 ﾠ352	 ﾠ(scheme	 ﾠ81).	 ﾠ
	 ﾠ
Scheme	 ﾠ79.	 ﾠHuisgen	 ﾠ1,3-ﾭ‐dipolar	 ﾠcycloaddition	 ﾠof	 ﾠazide	 ﾠ345	 ﾠand	 ﾠ346	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠazide	 ﾠ347.	 ﾠ
	 ﾠ
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Scheme	 ﾠ80.	 ﾠBoc	 ﾠdeprotection	 ﾠof	 ﾠpyrroloquinolines	 ﾠ341-ﾭ‐344	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ348-ﾭ‐351.	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ81.	 ﾠThermal	 ﾠBoc	 ﾠdeprotection	 ﾠof	 ﾠ347	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloquinoline	 ﾠ352.	 ﾠ
	 ﾠ
2.8.3.	 ﾠThieno[2,3-ﾭ‐c]quinolone	 ﾠ
We	 ﾠ proposed	 ﾠ changing	 ﾠ the	 ﾠ pyrrolo	 ﾠ moiety	 ﾠ for	 ﾠ the	 ﾠ corresponding	 ﾠ thiophene	 ﾠ would	 ﾠ be	 ﾠ an	 ﾠ
interesting	 ﾠmodification.	 ﾠ	 ﾠWe	 ﾠsuggest	 ﾠthis	 ﾠchange	 ﾠwould	 ﾠmodify	 ﾠthe	 ﾠelectronic	 ﾠproperties	 ﾠof	 ﾠthe	 ﾠ
heterocyclic	 ﾠ framework,	 ﾠ induce	 ﾠ greater	 ﾠ lipophilicity	 ﾠ and	 ﾠ remove	 ﾠ one	 ﾠ hydrogen	 ﾠ bond	 ﾠ donor	 ﾠ
functionality.	 ﾠ	 ﾠWe	 ﾠproposed	 ﾠits	 ﾠincorporation	 ﾠinto	 ﾠa	 ﾠsubstrate	 ﾠbearing	 ﾠthe	 ﾠsame	 ﾠsubstitution	 ﾠas	 ﾠ
one	 ﾠof	 ﾠthe	 ﾠmarinoquinolines	 ﾠwould	 ﾠprovide	 ﾠrobust	 ﾠSAR	 ﾠinformation	 ﾠfor	 ﾠthis	 ﾠmodification,	 ﾠand	 ﾠthe	 ﾠ
benzyl	 ﾠsubstitution	 ﾠwas	 ﾠchosen.	 ﾠ	 ﾠThe	 ﾠcommercially	 ﾠavailable	 ﾠboronic	 ﾠacid	 ﾠ353	 ﾠwas	 ﾠsuccessfully	 ﾠ
coupled	 ﾠto	 ﾠ272	 ﾠusing	 ﾠour	 ﾠoptimized	 ﾠSuzuki-ﾭ‐Miyaura	 ﾠconditions	 ﾠto	 ﾠafford	 ﾠnitro	 ﾠ354	 ﾠ(scheme	 ﾠ82).	 ﾠ	 ﾠ
We	 ﾠchanged	 ﾠour	 ﾠapproach	 ﾠto	 ﾠreduction	 ﾠof	 ﾠthe	 ﾠnitro	 ﾠfrom	 ﾠthe	 ﾠpreviously	 ﾠused	 ﾠPd/C	 ﾠhydrogenation	 ﾠ
conditions	 ﾠ due	 ﾠ to	 ﾠ the	 ﾠ potential	 ﾠ of	 ﾠ thiophene	 ﾠ coordinating	 ﾠ to	 ﾠ the	 ﾠ palladium	 ﾠ catalyst	 ﾠ and	 ﾠ
preventing	 ﾠ reaction	 ﾠ progress.	 ﾠ 	 ﾠ Using	 ﾠ Fe	 ﾠ in	 ﾠ acidic	 ﾠ conditions,	 ﾠ we	 ﾠ were	 ﾠ pleased	 ﾠ to	 ﾠ see	 ﾠ no	 ﾠ
degradation	 ﾠas	 ﾠwe	 ﾠhad	 ﾠpreviously	 ﾠencountered	 ﾠin	 ﾠthe	 ﾠpyrrole	 ﾠseries,	 ﾠto	 ﾠafford	 ﾠaniline	 ﾠ355	 ﾠin	 ﾠ92%	 ﾠ
yield.	 ﾠ	 ﾠWe	 ﾠwere	 ﾠable	 ﾠto	 ﾠaccess	 ﾠamide	 ﾠ356	 ﾠvia	 ﾠan	 ﾠin	 ﾠsitu	 ﾠgenerated	 ﾠacyl	 ﾠchloride	 ﾠfrom	 ﾠphenylacetic	 ﾠ
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acid,	 ﾠ and	 ﾠ finally	 ﾠ accessed	 ﾠ thienoquinoline	 ﾠ 357	 ﾠ using	 ﾠ our	 ﾠ optimised	 ﾠ Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠ
conditions.	 ﾠ	 ﾠ
	 ﾠ
Scheme	 ﾠ82.	 ﾠThe	 ﾠsynthesis	 ﾠof	 ﾠthieno[2,3-ﾭ‐c]quinoline	 ﾠ257.	 ﾠ
	 ﾠ
2.8.4.	 ﾠSummary	 ﾠof	 ﾠthe	 ﾠLibrary	 ﾠof	 ﾠAnalogues	 ﾠ
We	 ﾠ accessed	 ﾠ a	 ﾠ small	 ﾠ library	 ﾠ of	 ﾠ compounds	 ﾠ via	 ﾠ various	 ﾠ approaches	 ﾠ for	 ﾠ analogue	 ﾠ preparation	 ﾠ
(figure	 ﾠ6).	 ﾠ	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠalkylation	 ﾠof	 ﾠpyrroloquinoline	 ﾠ328	 ﾠwith	 ﾠvarious	 ﾠnucleophiles,	 ﾠwe	 ﾠalso	 ﾠ
utilised	 ﾠ a	 ﾠ Huisgen	 ﾠ 1,3-ﾭ‐dipolar	 ﾠ cycloaddition	 ﾠ for	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ the	 ﾠ novel	 ﾠ triazole	 ﾠ 352.	 ﾠ 	 ﾠ By	 ﾠ
retaining	 ﾠthe	 ﾠBoc	 ﾠprotection	 ﾠin	 ﾠ314,	 ﾠand	 ﾠreplacing	 ﾠthe	 ﾠpyrrolo	 ﾠmoiety	 ﾠwith	 ﾠthieno	 ﾠmoiety	 ﾠin	 ﾠ357,	 ﾠ
we	 ﾠwould	 ﾠbe	 ﾠable	 ﾠto	 ﾠdirectly	 ﾠcompare	 ﾠthese	 ﾠanalogues	 ﾠwith	 ﾠmarinoquinoline	 ﾠC,	 ﾠwhich	 ﾠwould	 ﾠtell	 ﾠ
us	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠhydrogen	 ﾠbond	 ﾠdonor	 ﾠgroup	 ﾠof	 ﾠthe	 ﾠpyrrole	 ﾠin	 ﾠ219.	 ﾠ	 ﾠPiperazines	 ﾠ349	 ﾠand	 ﾠ
350	 ﾠand	 ﾠmorpholine	 ﾠ351	 ﾠrepresent	 ﾠanalogues	 ﾠwith	 ﾠbasic,	 ﾠH-ﾭ‐bond	 ﾠacceptor	 ﾠfunctionality.	 ﾠ	 ﾠAlcohol	 ﾠ
348	 ﾠ conversely,	 ﾠ represents	 ﾠ an	 ﾠ analogue	 ﾠ with	 ﾠ H-ﾭ‐bond	 ﾠ donor	 ﾠ functionality.	 ﾠ 	 ﾠ Overall,	 ﾠ with	 ﾠ the	 ﾠ
exception	 ﾠof	 ﾠ314	 ﾠand	 ﾠ357,	 ﾠthe	 ﾠanalogues	 ﾠpossess	 ﾠsignificantly	 ﾠlower	 ﾠLogP	 ﾠvalues	 ﾠcompared	 ﾠwith	 ﾠ
the	 ﾠmarinoquinolines.	 ﾠ
	 ﾠ
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 ﾠ
Figure	 ﾠ6.	 ﾠPyrroloquinolines	 ﾠto	 ﾠbe	 ﾠtested.
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 ﾠCambridgeSoft	 ﾠChemDraw	 ﾠUltra	 ﾠ12.0.3.	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3.	 ﾠBiological	 ﾠStudies	 ﾠ
3.1.	 ﾠCytotoxicity	 ﾠStudies
f	 ﾠ
Cytotoxicity	 ﾠassays	 ﾠwere	 ﾠperformed	 ﾠon	 ﾠHCT-ﾭ‐116	 ﾠcells	 ﾠ(table	 ﾠ28).	 ﾠ	 ﾠGenerally,	 ﾠactivity	 ﾠin	 ﾠthese	 ﾠassays	 ﾠ
was	 ﾠ lower	 ﾠ than	 ﾠ that	 ﾠ of	 ﾠ marinoquinoline	 ﾠ C;	 ﾠ only	 ﾠ results	 ﾠ from	 ﾠ piperazine	 ﾠ 350	 ﾠ (entry	 ﾠ 6)	 ﾠ were	 ﾠ
comparable.	 ﾠ
	 ﾠ
IC50	 ﾠ[µg/ml]	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
Compound	 ﾠ
Cell	 ﾠLine	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ HCT-ﾭ‐116	 ﾠ(human	 ﾠcolon	 ﾠcarcinoma)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ aplidiopsamine	 ﾠA	 ﾠ(216)	 ﾠ 26.9	 ﾠ±	 ﾠ7.6	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ marinoquinoline	 ﾠC	 ﾠ(219)	 ﾠ 7.4	 ﾠ±	 ﾠ0.6	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 314	 ﾠ 12.0	 ﾠ±	 ﾠ4.2	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
348	 ﾠ 17.5	 ﾠ±	 ﾠ1.7	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
349	 ﾠ 15.4	 ﾠ±	 ﾠ1.5	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
350	 ﾠ 7.1	 ﾠ±	 ﾠ1.3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 351	 ﾠ 45.8	 ﾠ±	 ﾠ8.2	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 352	 ﾠ w.a.	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 357	 ﾠ 15.3	 ﾠ±	 ﾠ0.6	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ w.a.:	 ﾠweak	 ﾠactivity	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ Table	 ﾠ28.	 ﾠResults	 ﾠof	 ﾠcell	 ﾠbioassay	 ﾠinto	 ﾠthe	 ﾠtoxicity	 ﾠof	 ﾠ216,	 ﾠ219	 ﾠand	 ﾠpyrroloquinoline	 ﾠanalogues.	 ﾠ
	 ﾠ
3.2.	 ﾠAntimicrobial	 ﾠStudies
f	 ﾠ
The	 ﾠanalogues,	 ﾠalong	 ﾠwith	 ﾠsynthetic	 ﾠaplidiopsamine	 ﾠA	 ﾠand	 ﾠmarinoquinoline	 ﾠC	 ﾠwere	 ﾠtested	 ﾠagainst	 ﾠ
11	 ﾠmicrobial	 ﾠstrains,	 ﾠthe	 ﾠresults	 ﾠof	 ﾠwhich	 ﾠare	 ﾠprovided	 ﾠin	 ﾠtable	 ﾠ29.	 ﾠ	 ﾠIn	 ﾠagreement	 ﾠwith	 ﾠreports	 ﾠin	 ﾠ
the	 ﾠliterature,
110	 ﾠ aplidiopsamine	 ﾠA	 ﾠ(entry	 ﾠ1)	 ﾠhad	 ﾠno	 ﾠobservable	 ﾠactivity	 ﾠin	 ﾠthese	 ﾠassays,	 ﾠwhile	 ﾠ
results	 ﾠfor	 ﾠsynthetic	 ﾠmarinoquinoline	 ﾠC	 ﾠ(entry	 ﾠ2)	 ﾠwere	 ﾠin	 ﾠgood	 ﾠagreement	 ﾠwith	 ﾠthat	 ﾠreported	 ﾠin	 ﾠ
the	 ﾠ literature.
75	 ﾠ Of	 ﾠ the	 ﾠ analogues,	 ﾠ two	 ﾠ (morpholine	 ﾠ 351	 ﾠ and	 ﾠ triazole	 ﾠ 352,	 ﾠ entry	 ﾠ 7	 ﾠ and	 ﾠ 8	 ﾠ
respectively)	 ﾠexhibited	 ﾠno	 ﾠactivity	 ﾠin	 ﾠany	 ﾠof	 ﾠthe	 ﾠscreens,	 ﾠwhile	 ﾠpiperazines	 ﾠ349	 ﾠand	 ﾠ350	 ﾠ(entry	 ﾠ5	 ﾠ
and	 ﾠ9	 ﾠrespectively)	 ﾠexhibited	 ﾠweak	 ﾠactivity	 ﾠand	 ﾠwere	 ﾠinferior	 ﾠto	 ﾠmarinoquinoline	 ﾠC.	 ﾠ	 ﾠWhile	 ﾠthe	 ﾠ
scope	 ﾠof	 ﾠalcohol	 ﾠ348	 ﾠ(entry	 ﾠ4)	 ﾠwas	 ﾠrather	 ﾠnarrow,	 ﾠit	 ﾠdid	 ﾠimprove	 ﾠupon	 ﾠmarinoquinoline	 ﾠC	 ﾠfor	 ﾠ
activity	 ﾠagainst	 ﾠChromobacterium	 ﾠviolaceum	 ﾠ–	 ﾠa	 ﾠstrain	 ﾠto	 ﾠwhich	 ﾠall	 ﾠother	 ﾠcompounds	 ﾠfailed	 ﾠto	 ﾠ
show	 ﾠactivity	 ﾠagainst.	 ﾠ	 ﾠN-ﾭ‐Boc	 ﾠmarinoquinoline	 ﾠC	 ﾠ(314,	 ﾠentry	 ﾠ3)	 ﾠwas	 ﾠactive	 ﾠin	 ﾠthree	 ﾠof	 ﾠthe	 ﾠscreens,	 ﾠ
showing	 ﾠweaker	 ﾠactivity	 ﾠthan	 ﾠmarinoquinoline	 ﾠC	 ﾠin	 ﾠtwo	 ﾠof	 ﾠthem.	 ﾠ	 ﾠThe	 ﾠbest	 ﾠresults	 ﾠof	 ﾠthe	 ﾠscreen	 ﾠ
were	 ﾠafforded	 ﾠby	 ﾠthienoquinoline	 ﾠ357,	 ﾠwhich	 ﾠexhibited	 ﾠa	 ﾠnarrower	 ﾠactivity	 ﾠbut	 ﾠgenerally	 ﾠmore	 ﾠ
potency	 ﾠcompared	 ﾠto	 ﾠmarinoquinoline	 ﾠC	 ﾠ(entry	 ﾠ6).	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
f	 ﾠBioassays	 ﾠperformed	 ﾠby	 ﾠour	 ﾠcollaborators:	 ﾠJennifer	 ﾠHerrman	 ﾠ&	 ﾠRolf	 ﾠMuller;	 ﾠHelmholtz	 ﾠInstitute	 ﾠfor	 ﾠPharmaceutical	 ﾠResearch	 ﾠand	 ﾠ
Department	 ﾠof	 ﾠPharmaceutical	 ﾠBiotechnology,	 ﾠSaarland	 ﾠUniversity,	 ﾠP.O.	 ﾠBox	 ﾠ15115,	 ﾠ66041	 ﾠSaarbrucken,	 ﾠGermany.	 ﾠ
N.B.	 ﾠvalues	 ﾠdetermined	 ﾠas	 ﾠduplicates;	 ﾠvalues	 ﾠrepresent	 ﾠthe	 ﾠaverage	 ﾠof	 ﾠ2	 ﾠindependent	 ﾠmeasurements	 ﾠ±	 ﾠSD	 ﾠ	 ﾠ 78	 ﾠ
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 ﾠ
4.	 ﾠ	 ﾠAlternative	 ﾠTotal	 ﾠSyntheses	 ﾠof	 ﾠthe	 ﾠMarinoquinolines	 ﾠand	 ﾠAplidiopsamine	 ﾠA	 ﾠ
During	 ﾠ our	 ﾠ synthetic	 ﾠ endeavours,	 ﾠ there	 ﾠ were	 ﾠ several	 ﾠ publications	 ﾠ on	 ﾠ the	 ﾠ total	 ﾠ syntheses	 ﾠ of	 ﾠ
members	 ﾠof	 ﾠthe	 ﾠmarinoquinoline	 ﾠfamily	 ﾠof	 ﾠalkaloids.	 ﾠ
	 ﾠ
Yao	 ﾠet	 ﾠal.	 ﾠreported	 ﾠthe	 ﾠfirst	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠmarinoquinolines	 ﾠA-ﾭ‐C	 ﾠin	 ﾠsix	 ﾠlinear	 ﾠsteps	 ﾠ(scheme	 ﾠ
83).
111	 ﾠ With	 ﾠ2-ﾭ‐nitrobenzaldehyde	 ﾠas	 ﾠa	 ﾠstarting	 ﾠmaterial,	 ﾠa	 ﾠDoebner-ﾭ‐Knoevenagel	 ﾠcondensation	 ﾠ
afforded	 ﾠα,β-ﾭ‐unsaturated	 ﾠester	 ﾠ360	 ﾠwhich	 ﾠsubsequently	 ﾠunderwent	 ﾠnitro	 ﾠreduction	 ﾠand	 ﾠacylation	 ﾠ
with	 ﾠthe	 ﾠrelevant	 ﾠacid	 ﾠchloride	 ﾠafforded	 ﾠamides	 ﾠ361-ﾭ‐363.	 ﾠ	 ﾠTheir	 ﾠkey	 ﾠsynthetic	 ﾠintermediates	 ﾠ(364-ﾭ‐
366)	 ﾠwere	 ﾠafforded	 ﾠfrom	 ﾠthe	 ﾠα,β-ﾭ‐unsaturated	 ﾠesters	 ﾠ361-ﾭ‐363	 ﾠby	 ﾠa	 ﾠvan	 ﾠLeusen’s	 ﾠpyrrole	 ﾠsynthesis	 ﾠ
using	 ﾠTosMIC.	 ﾠ	 ﾠMorgan-ﾭ‐Walls-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠcyclization	 ﾠafforded	 ﾠpyrroloquinolines	 ﾠ367-ﾭ‐269,	 ﾠwhich	 ﾠ
underwent	 ﾠsuccessful	 ﾠdecarboxylation	 ﾠto	 ﾠafford	 ﾠmarinoquinolines	 ﾠA-ﾭ‐C.	 ﾠ
	 ﾠ
Scheme	 ﾠ83.	 ﾠ	 ﾠYao	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠMarinoquinoline	 ﾠA-ﾭ‐C.	 ﾠ
	 ﾠ
Shortly	 ﾠafter	 ﾠthe	 ﾠwork	 ﾠof	 ﾠYao,	 ﾠCorreira	 ﾠet	 ﾠal.	 ﾠpublished	 ﾠtheir	 ﾠwork	 ﾠon	 ﾠthe	 ﾠmarinoquinoline	 ﾠseries,	 ﾠ
successfully	 ﾠpreparing	 ﾠmarinoquinolines	 ﾠA-ﾭ‐C	 ﾠand	 ﾠE,	 ﾠagain	 ﾠin	 ﾠsix	 ﾠlinear	 ﾠsteps,	 ﾠfeaturing	 ﾠa	 ﾠsimilar	 ﾠ
Pictet-ﾭ‐Spengler	 ﾠapproach	 ﾠto	 ﾠour	 ﾠoriginal	 ﾠconcept	 ﾠ(scheme	 ﾠ84).
112	 ﾠA	 ﾠHeck-ﾭ‐Matsuda	 ﾠarylation	 ﾠof	 ﾠ
pyrrole	 ﾠ370	 ﾠwith	 ﾠdiazonium	 ﾠsalt	 ﾠ371	 ﾠafforded	 ﾠpyrrolidinol	 ﾠ372,	 ﾠwhich	 ﾠunderwent	 ﾠdehydration	 ﾠto	 ﾠ
dihydropyrrole	 ﾠ 373	 ﾠ upon	 ﾠ treatment	 ﾠ with	 ﾠ TFAA.	 ﾠ 	 ﾠ Oxidation	 ﾠ to	 ﾠ the	 ﾠ pyrrole,	 ﾠ followed	 ﾠ by	 ﾠ
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decarboxylation	 ﾠand	 ﾠnitro	 ﾠreduction	 ﾠprovided	 ﾠpyrroloaniline	 ﾠ255.	 ﾠ	 ﾠPictet-ﾭ‐Spengler	 ﾠcyclization	 ﾠand	 ﾠ
aromatization	 ﾠafforded	 ﾠthe	 ﾠnatural	 ﾠproducts,	 ﾠand	 ﾠ9	 ﾠunnatural	 ﾠsynthetic	 ﾠanalogues.	 ﾠ	 ﾠAs	 ﾠwith	 ﾠour	 ﾠ
observations,	 ﾠthe	 ﾠyields	 ﾠobserved	 ﾠfor	 ﾠPictet-ﾭ‐Spengler	 ﾠreactions	 ﾠare	 ﾠmodest	 ﾠat	 ﾠbest.	 ﾠ
	 ﾠ
Scheme	 ﾠ84.	 ﾠ	 ﾠCorreira	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠmarinoquinolines	 ﾠA-ﾭ‐C	 ﾠand	 ﾠE.	 ﾠ
	 ﾠ
Banwell	 ﾠ et	 ﾠ al.	 ﾠ were	 ﾠ next	 ﾠ to	 ﾠ report	 ﾠ their	 ﾠ efforts	 ﾠ toward	 ﾠ marinoquinoline	 ﾠ A	 ﾠ (scheme	 ﾠ 85).
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 ﾠ
Following	 ﾠthe	 ﾠprocedure	 ﾠof	 ﾠMasquelin	 ﾠand	 ﾠObrecht,	 ﾠthey	 ﾠprepared	 ﾠpyrrole	 ﾠ378,	 ﾠwhich	 ﾠunderwent	 ﾠ
Ullmann	 ﾠcross-ﾭ‐coupling	 ﾠwith	 ﾠ2-ﾭ‐bromonitrobenzene	 ﾠ(379).	 ﾠ	 ﾠSubsequent	 ﾠmethylation	 ﾠwith	 ﾠMeLi	 ﾠand	 ﾠ
DMP	 ﾠ oxidation	 ﾠ of	 ﾠ the	 ﾠ resulting	 ﾠ alcohol	 ﾠ 381	 ﾠ afforded	 ﾠ the	 ﾠ corresponding	 ﾠ ketone	 ﾠ 382.	 ﾠ 	 ﾠ An	 ﾠ
impressive	 ﾠMg/MeOH	 ﾠmediated	 ﾠnitro	 ﾠreduction/NTs	 ﾠdeprotection/imine	 ﾠcondensation	 ﾠcascade	 ﾠ
was	 ﾠsuccessful	 ﾠin	 ﾠaffording	 ﾠthe	 ﾠdesired	 ﾠheterocycle,	 ﾠmarinoquinoline	 ﾠA	 ﾠ(217)	 ﾠin	 ﾠseven	 ﾠlinear	 ﾠsteps.	 ﾠ
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 ﾠ
	 ﾠ
Scheme	 ﾠ85.	 ﾠ	 ﾠBanwell	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠmarinoquinoline	 ﾠA.	 ﾠ
	 ﾠ
Using	 ﾠ palladium	 ﾠ catalysed	 ﾠ cyclization	 ﾠ methodology,	 ﾠ Mhaske	 ﾠ et	 ﾠ al.	 ﾠ (scheme	 ﾠ 86)	 ﾠ were	 ﾠ able	 ﾠ to	 ﾠ
access	 ﾠpyrroloquinoline	 ﾠ385	 ﾠin	 ﾠtwo	 ﾠsteps,	 ﾠwhich	 ﾠwas	 ﾠsmoothly	 ﾠconverted	 ﾠto	 ﾠmarinoquinoline	 ﾠA	 ﾠ
(217)	 ﾠor	 ﾠbromo	 ﾠpyrroloquinoline	 ﾠ386	 ﾠwhich	 ﾠsubsequently	 ﾠprovided	 ﾠaplidiopsamine	 ﾠA	 ﾠ(216)	 ﾠin	 ﾠa	 ﾠ
further	 ﾠ2	 ﾠsteps.
114	 ﾠThis	 ﾠapproach	 ﾠtowards	 ﾠmarinoquinoline	 ﾠA	 ﾠis	 ﾠthe	 ﾠshortest	 ﾠand	 ﾠhighest	 ﾠyielding	 ﾠ
reported	 ﾠto	 ﾠdate.	 ﾠ
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379	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 ﾠ
Scheme	 ﾠ86.	 ﾠMhaske	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠmarinoquinoline	 ﾠA	 ﾠand	 ﾠaplidiopsamine	 ﾠA.	 ﾠ
	 ﾠ
Lindsley	 ﾠpublished	 ﾠhis	 ﾠbiomimetic	 ﾠsynthesis	 ﾠof	 ﾠaplidiopsamine	 ﾠA	 ﾠand	 ﾠvia	 ﾠ385,	 ﾠmarinoquinoline	 ﾠA	 ﾠ
and	 ﾠ three	 ﾠ 3H-ﾭ‐pyrrolo[2,3-ﾭ‐c]quinolone	 ﾠ analogues.	 ﾠ 	 ﾠ Using	 ﾠ an	 ﾠ approach	 ﾠ similar	 ﾠ to	 ﾠ ours,	 ﾠ they	 ﾠ
accessed	 ﾠaplidiopsamine	 ﾠA	 ﾠin	 ﾠ5	 ﾠsteps	 ﾠand	 ﾠ22%	 ﾠoverall	 ﾠyield	 ﾠ(scheme	 ﾠ87).
110	 ﾠWhile	 ﾠtheir	 ﾠsynthetic	 ﾠ
protocol	 ﾠis	 ﾠtwo	 ﾠsteps	 ﾠshorter,	 ﾠtheir	 ﾠoverall	 ﾠyield	 ﾠis	 ﾠinferior	 ﾠby	 ﾠmore	 ﾠthan	 ﾠtwo-ﾭ‐fold.	 ﾠ	 ﾠThe	 ﾠbiological	 ﾠ
evaluation	 ﾠof	 ﾠthe	 ﾠcompounds	 ﾠrevealed	 ﾠinteresting	 ﾠand	 ﾠnovel	 ﾠphosphodiesterase	 ﾠ(PDE)	 ﾠ4	 ﾠactivity.	 ﾠ	 ﾠ
PDE4	 ﾠis	 ﾠan	 ﾠimportant	 ﾠsecond	 ﾠmessenger	 ﾠprimarily	 ﾠin	 ﾠthe	 ﾠmediation	 ﾠof	 ﾠthe	 ﾠinflammatory	 ﾠresponse,	 ﾠ
and	 ﾠits	 ﾠinhibition	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠsupress	 ﾠthe	 ﾠinflammatory	 ﾠresponse	 ﾠin	 ﾠvitro	 ﾠand	 ﾠin	 ﾠvivo.
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Scheme	 ﾠ87.	 ﾠLindsley	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠmarinoquinoline	 ﾠA	 ﾠand	 ﾠaplidiopsamine	 ﾠA.	 ﾠ 	 ﾠ
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5.	 ﾠFuture	 ﾠWork	 ﾠ
We	 ﾠhave	 ﾠdeveloped	 ﾠa	 ﾠhighly	 ﾠsuccessful	 ﾠand	 ﾠgeneral	 ﾠmethod	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠa	 ﾠdiverse	 ﾠarray	 ﾠ
of	 ﾠpyrroloquinolines	 ﾠand	 ﾠrelated	 ﾠcompounds.	 ﾠ	 ﾠFurther	 ﾠto	 ﾠour	 ﾠinitial	 ﾠanalogues,	 ﾠscope	 ﾠremains	 ﾠfor	 ﾠ
supplementary	 ﾠinvestigation	 ﾠinto	 ﾠSAR	 ﾠof	 ﾠthese	 ﾠcompounds	 ﾠwith	 ﾠthe	 ﾠaim	 ﾠof	 ﾠfinding	 ﾠmore	 ﾠbroad-ﾭ‐
acting	 ﾠand	 ﾠpotent	 ﾠderivatives.	 ﾠ	 ﾠGiven	 ﾠthe	 ﾠsuccess	 ﾠof	 ﾠthienoquinoline	 ﾠ357,	 ﾠit	 ﾠseems	 ﾠappropriate	 ﾠto	 ﾠ
explore	 ﾠfurther	 ﾠmodifications	 ﾠof	 ﾠthe	 ﾠpyrrolo	 ﾠmoiety	 ﾠ–	 ﾠperhaps	 ﾠfurano	 ﾠor	 ﾠpyridinyl	 ﾠderivatives.	 ﾠ	 ﾠ
Further	 ﾠmethod	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠPictet-ﾭ‐Hubert	 ﾠreaction	 ﾠto	 ﾠfacilitate	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠa	 ﾠmore	 ﾠ
diverse	 ﾠseries	 ﾠof	 ﾠmolecules	 ﾠwould	 ﾠbe	 ﾠhighly	 ﾠdesirable.	 ﾠ	 ﾠWe	 ﾠhave	 ﾠnot	 ﾠmanaged	 ﾠto	 ﾠelucidate	 ﾠclear	 ﾠ
SAR’s	 ﾠof	 ﾠthese	 ﾠcompounds	 ﾠwith	 ﾠour	 ﾠsmall	 ﾠlibrary.	 ﾠ	 ﾠOur	 ﾠsynthetic	 ﾠmethodology	 ﾠshould	 ﾠfacilitate	 ﾠthe	 ﾠ
preparation	 ﾠof	 ﾠanalogues	 ﾠwith	 ﾠa	 ﾠspacer	 ﾠlarger	 ﾠthan	 ﾠmethylene,	 ﾠand	 ﾠa	 ﾠcombination	 ﾠof	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ
above	 ﾠmodifications	 ﾠcould	 ﾠsignificantly	 ﾠimprove	 ﾠour	 ﾠknowledge	 ﾠof	 ﾠSAR	 ﾠin	 ﾠthis	 ﾠclass	 ﾠof	 ﾠcompounds.	 ﾠ
	 ﾠ
In	 ﾠaddition,	 ﾠ2	 ﾠof	 ﾠthe	 ﾠmarinoquinolines	 ﾠ–	 ﾠmarinoquinoline	 ﾠD	 ﾠand	 ﾠF	 ﾠremain	 ﾠattractive	 ﾠtargets,	 ﾠsince	 ﾠ
to	 ﾠdate,	 ﾠno	 ﾠtotal	 ﾠsynthesis	 ﾠhas	 ﾠbeen	 ﾠreported.	 ﾠ 	 ﾠ	 ﾠ 86	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6.	 ﾠConclusions	 ﾠ
In	 ﾠsummary,	 ﾠwe	 ﾠhave	 ﾠdeveloped	 ﾠa	 ﾠnew	 ﾠapproach	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ3H-ﾭ‐pyrrolo[2,3c]quinolines.	 ﾠ	 ﾠ
Key	 ﾠ steps	 ﾠ include	 ﾠ a	 ﾠ Suzuki-ﾭ‐Miyaura	 ﾠ cross-ﾭ‐coupling	 ﾠ reaction	 ﾠ and	 ﾠ Movassaghi-ﾭ‐Pictet-ﾭ‐Hubert	 ﾠ
cyclizations.	 ﾠ	 ﾠThis	 ﾠsynthetic	 ﾠprotocol	 ﾠhas	 ﾠfacilitated	 ﾠthe	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠ5	 ﾠnatural	 ﾠproducts	 ﾠ–	 ﾠ
marinoquinolines	 ﾠ A-ﾭ‐C	 ﾠ and	 ﾠ E,	 ﾠ and	 ﾠ aplidiopsamine	 ﾠ A.	 ﾠ 	 ﾠ We	 ﾠ report	 ﾠ the	 ﾠ total	 ﾠ synthesis	 ﾠ of	 ﾠ
aplidiopsamine	 ﾠA	 ﾠin	 ﾠ46%	 ﾠoverall	 ﾠyield	 ﾠin	 ﾠ7	 ﾠsteps	 ﾠand	 ﾠmarinoquinolines	 ﾠA,	 ﾠB,	 ﾠC	 ﾠand	 ﾠE	 ﾠin	 ﾠ30-ﾭ‐68%	 ﾠ
overall	 ﾠyield	 ﾠin	 ﾠ6	 ﾠsteps	 ﾠfrom	 ﾠreadily	 ﾠavailable,	 ﾠcheap	 ﾠstarting	 ﾠmaterials.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠa	 ﾠsmall	 ﾠlibrary	 ﾠ
of	 ﾠcompounds	 ﾠhas	 ﾠbeen	 ﾠprepared	 ﾠfor	 ﾠbiological	 ﾠassays	 ﾠand	 ﾠSAR	 ﾠinvestigation.	 ﾠ
	 ﾠ
Analysis	 ﾠof	 ﾠthe	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠbiological	 ﾠassays	 ﾠhave	 ﾠnot	 ﾠenabled	 ﾠa	 ﾠclear	 ﾠunderstanding	 ﾠof	 ﾠSAR,	 ﾠ
which	 ﾠ given	 ﾠ the	 ﾠ size	 ﾠ of	 ﾠ library	 ﾠ is	 ﾠ expected.	 ﾠ 	 ﾠ We	 ﾠ showed	 ﾠ a	 ﾠ complete	 ﾠ lack	 ﾠ of	 ﾠ activity	 ﾠ in	 ﾠ both	 ﾠ
antimicrobial	 ﾠ and	 ﾠ cytotoxicity	 ﾠ assays	 ﾠ for	 ﾠ triazole	 ﾠ 352,	 ﾠ and	 ﾠ inactivity	 ﾠ in	 ﾠ microbial	 ﾠ assays	 ﾠ of	 ﾠ
morpholine	 ﾠ351.	 ﾠ	 ﾠCompared	 ﾠto	 ﾠmarinoquinoline	 ﾠC,	 ﾠthienoquinoline	 ﾠ357	 ﾠshowed	 ﾠenhanced	 ﾠactivity	 ﾠ
against	 ﾠ various	 ﾠ pathogens,	 ﾠ though	 ﾠ it	 ﾠ did	 ﾠ exhibit	 ﾠ a	 ﾠ narrower	 ﾠ spectrum	 ﾠ of	 ﾠ activity.	 ﾠ 	 ﾠ All	 ﾠ other	 ﾠ
analogues	 ﾠwere	 ﾠgenerally	 ﾠinferior	 ﾠto	 ﾠ357	 ﾠand	 ﾠmarinoquinoline	 ﾠC	 ﾠ(219).	 ﾠ	 ﾠWe	 ﾠsaw	 ﾠa	 ﾠtrend	 ﾠfor	 ﾠthe	 ﾠ
more	 ﾠpolar	 ﾠcompounds	 ﾠto	 ﾠexhibit	 ﾠlower	 ﾠactivity	 ﾠgenerally,	 ﾠsuggesting	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠimportant	 ﾠ
lipophilic	 ﾠinteractions	 ﾠwith	 ﾠthe	 ﾠtarget	 ﾠto	 ﾠexploit.	 ﾠ
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Products	 ﾠ
	 ﾠ
1.	 ﾠIntroduction	 ﾠ
Indole	 ﾠalkaloids	 ﾠderived	 ﾠfrom	 ﾠtryptophan	 ﾠand	 ﾠtryptamine,	 ﾠhave	 ﾠlong	 ﾠbeen	 ﾠat	 ﾠthe	 ﾠforefront	 ﾠof	 ﾠ
synthetic	 ﾠchemistry	 ﾠefforts,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠvast	 ﾠstructural	 ﾠdiversity	 ﾠand	 ﾠinteresting	 ﾠbiological	 ﾠactivities.	 ﾠ
Some	 ﾠexamples	 ﾠare	 ﾠprovided	 ﾠin	 ﾠfigure	 ﾠ7,	 ﾠwhich	 ﾠhighlights	 ﾠthis	 ﾠdiversity.	 ﾠ
	 ﾠ
In	 ﾠrecent	 ﾠyears,	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠtotal	 ﾠsyntheses	 ﾠof	 ﾠtryptophan	 ﾠderived	 ﾠnatural	 ﾠproducts	 ﾠhave	 ﾠ
been	 ﾠ reported.	 ﾠ	 ﾠThese	 ﾠ can	 ﾠ vary	 ﾠ from	 ﾠ the	 ﾠ monomeric	 ﾠ alkaloids
116–120	 ﾠ to	 ﾠ the	 ﾠ directly	 ﾠ coupled	 ﾠ
dimeric,
121,122	 ﾠ trimeric
123,124	 ﾠ and	 ﾠ even	 ﾠ multimeric
125,126	 ﾠ tryptophan	 ﾠ or	 ﾠ tryptamine	 ﾠ containing	 ﾠ
alkaloids,	 ﾠwhich	 ﾠhave	 ﾠbeen	 ﾠisolated	 ﾠand	 ﾠin	 ﾠsome	 ﾠcases	 ﾠprepared	 ﾠsynthetically.	 ﾠ	 ﾠTheir	 ﾠinteresting	 ﾠ
biological	 ﾠ activities	 ﾠ are	 ﾠ diverse,	 ﾠ and	 ﾠ include	 ﾠ cytotoxic	 ﾠ properties,	 ﾠ plant	 ﾠ growth	 ﾠ regulation	 ﾠ
properties,	 ﾠvasodilatory	 ﾠproperties	 ﾠand	 ﾠa	 ﾠreversal	 ﾠof	 ﾠmultiple	 ﾠdrug	 ﾠresistance.	 ﾠ
	 ﾠ
Of	 ﾠ particular	 ﾠ interest	 ﾠ to	 ﾠ us	 ﾠ are	 ﾠ the	 ﾠ monomeric	 ﾠ C3-ﾭ‐reverse	 ﾠ prenylated	 ﾠ pyrrolo[2,3-ﾭ‐b]indoles,	 ﾠ
towards	 ﾠwhich	 ﾠmuch	 ﾠsynthetic	 ﾠwork	 ﾠhas	 ﾠbeen	 ﾠreported,	 ﾠled	 ﾠprimarily	 ﾠby	 ﾠthe	 ﾠpioneering	 ﾠstudies	 ﾠof	 ﾠ
Samuel	 ﾠDanishefsky	 ﾠin	 ﾠthe	 ﾠ1990’s.
127,128	 ﾠSome	 ﾠexamples	 ﾠof	 ﾠthese	 ﾠalkaloids	 ﾠare	 ﾠprovided	 ﾠin	 ﾠfigure	 ﾠ8,	 ﾠ
and	 ﾠare	 ﾠdivided	 ﾠinto	 ﾠexo	 ﾠ and	 ﾠendo	 ﾠ configured	 ﾠalkaloids,	 ﾠto	 ﾠdiscriminate	 ﾠbetween	 ﾠthe	 ﾠrelative	 ﾠ
stereochemistry	 ﾠof	 ﾠthe	 ﾠC2-ﾭ‐C3	 ﾠconfiguration	 ﾠof	 ﾠthe	 ﾠindole.
129	 ﾠWhile	 ﾠthe	 ﾠstereochemical	 ﾠrelationship	 ﾠ
of	 ﾠthe	 ﾠH2	 ﾠand	 ﾠC3-ﾭ‐prenyl	 ﾠmoieties	 ﾠis	 ﾠfundamentally	 ﾠcis,	 ﾠthe	 ﾠrelative	 ﾠconfiguration	 ﾠfound	 ﾠin	 ﾠnature	 ﾠis	 ﾠ
for	 ﾠ both	 ﾠ the	 ﾠ exo	 ﾠ and	 ﾠ endo	 ﾠ enantiomers,	 ﾠ although	 ﾠ it	 ﾠ appears	 ﾠ the	 ﾠ exo-ﾭ‐enantiomers	 ﾠ are	 ﾠ more	 ﾠ
prolific,	 ﾠwith	 ﾠmore	 ﾠof	 ﾠthis	 ﾠconfiguration	 ﾠhaving	 ﾠbeen	 ﾠisolated	 ﾠto	 ﾠdate.
129	 ﾠIn	 ﾠsome	 ﾠcases,	 ﾠboth	 ﾠexo	 ﾠ
and	 ﾠendo	 ﾠconfigured	 ﾠalkaloids,	 ﾠsuch	 ﾠas	 ﾠepiamauromine	 ﾠ(408)	 ﾠhave	 ﾠbeen	 ﾠisolated.	 ﾠ	 ﾠ	 ﾠ	 ﾠ 90	 ﾠ
	 ﾠ
Figure	 ﾠ7.	 ﾠ	 ﾠA	 ﾠselection	 ﾠof	 ﾠindole	 ﾠalkaloids.	 ﾠ
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Figure	 ﾠ8.	 ﾠA	 ﾠselection	 ﾠof	 ﾠreverse-ﾭ‐prenylated	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠalkaloids	 ﾠ
	 ﾠ
1.1.	 ﾠExisting	 ﾠApproaches	 ﾠfor	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠPyrrolo[2,3-ﾭ‐b]indoles	 ﾠ
1.1.1.	 ﾠThio-ﾭ‐Claisen	 ﾠRearrangement	 ﾠof	 ﾠSulfonium	 ﾠSalts	 ﾠ
Shortly	 ﾠafter	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠamauromine,	 ﾠTakase	 ﾠet	 ﾠal.	 ﾠreported	 ﾠthe	 ﾠfirst	 ﾠtotal	 ﾠsynthesis,	 ﾠutilising	 ﾠ
the	 ﾠ thio-ﾭ‐Claisen	 ﾠ rearrangement	 ﾠ approach	 ﾠ outlined	 ﾠ in	 ﾠ scheme	 ﾠ 88.	 ﾠ While	 ﾠ the	 ﾠ approach	 ﾠ was	 ﾠ
successful,	 ﾠthe	 ﾠyields	 ﾠfor	 ﾠmany	 ﾠof	 ﾠthe	 ﾠsteps	 ﾠwere	 ﾠrather	 ﾠpoor.	 ﾠNevertheless,	 ﾠto	 ﾠour	 ﾠknowledge,	 ﾠ
this	 ﾠis	 ﾠthe	 ﾠfirst	 ﾠexample	 ﾠof	 ﾠits	 ﾠkind	 ﾠin	 ﾠthe	 ﾠconstruction	 ﾠof	 ﾠreverse	 ﾠprenylated	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠ
architecture.	 ﾠ
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Scheme	 ﾠ88.	 ﾠTakase	 ﾠapproach	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠamauromine	 ﾠusing	 ﾠa	 ﾠthio-ﾭ‐Claisen	 ﾠ
rearrangement	 ﾠ
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1.1.2.	 ﾠOxidative	 ﾠC3	 ﾠAlkylation	 ﾠand	 ﾠCyclization	 ﾠof	 ﾠTryptophan	 ﾠDerivatives	 ﾠ
In	 ﾠ1994,	 ﾠDanishefsky	 ﾠreported	 ﾠhis	 ﾠC3	 ﾠoxidative	 ﾠalkylation	 ﾠand	 ﾠspontaneous	 ﾠiminium	 ﾠcyclization	 ﾠ
towards	 ﾠthe	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠamauromine	 ﾠ(417)	 ﾠand	 ﾠardeemins	 ﾠ403	 ﾠand	 ﾠ422.
127	 ﾠBy	 ﾠexposing	 ﾠbis-ﾭ‐
Boc	 ﾠprotected	 ﾠtryptophan	 ﾠ418	 ﾠto	 ﾠN-ﾭ‐phenylselenophthalimide	 ﾠand	 ﾠcatalytic	 ﾠTsOH,	 ﾠit	 ﾠwas	 ﾠpossible	 ﾠ
to	 ﾠ access	 ﾠ in	 ﾠ one	 ﾠ step	 ﾠ the	 ﾠ corresponding	 ﾠ selenopyrrolidine	 ﾠ 419	 ﾠ as	 ﾠ a	 ﾠ 9:1	 ﾠ mixture	 ﾠ of	 ﾠ
diastereoisomers.	 ﾠ	 ﾠReaction	 ﾠwith	 ﾠprenyl	 ﾠtributylstannane	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠLewis	 ﾠacid,	 ﾠafforded	 ﾠ
the	 ﾠreverse	 ﾠprenylated	 ﾠpyrroloindole	 ﾠ420	 ﾠwith	 ﾠretention	 ﾠof	 ﾠstereochemistry.	 ﾠ	 ﾠThis	 ﾠafforded	 ﾠthe	 ﾠ
key	 ﾠ synthetic	 ﾠ intermediate,	 ﾠ which	 ﾠ enabled	 ﾠ access	 ﾠ to	 ﾠ amauromine,	 ﾠ ardeemin	 ﾠ and	 ﾠ 5-ﾭ‐N-ﾭ‐
acetylardeemin	 ﾠ(scheme	 ﾠ89).	 ﾠ	 ﾠAs	 ﾠcan	 ﾠbe	 ﾠseen,	 ﾠamauromine	 ﾠwas	 ﾠafforded	 ﾠin	 ﾠ16%	 ﾠoverall	 ﾠyield	 ﾠin	 ﾠ
just	 ﾠ5	 ﾠsteps	 ﾠfrom	 ﾠBoc-ﾭ‐Trp(Boc)-ﾭ‐OMe,	 ﾠwhich	 ﾠcompares	 ﾠvery	 ﾠfavourably	 ﾠwith	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠTakase.	 ﾠ	 ﾠ
Further	 ﾠdevelopment	 ﾠof	 ﾠthis	 ﾠchemistry
128	 ﾠmade	 ﾠit	 ﾠthe	 ﾠgold	 ﾠstandard	 ﾠfor	 ﾠreactions	 ﾠof	 ﾠthis	 ﾠkind,	 ﾠuntil	 ﾠ
very	 ﾠrecently,	 ﾠas	 ﾠdiscussed	 ﾠvide	 ﾠinfra.	 ﾠ
	 ﾠ
Scheme	 ﾠ89.	 ﾠDanishefsky	 ﾠselenocyclization	 ﾠand	 ﾠstannyl	 ﾠcoupling	 ﾠapproach	 ﾠtowards	 ﾠreverse	 ﾠ
prenylated	 ﾠpyrrolo[2,3-ﾭ‐b]indoles.	 ﾠ
	 ﾠ
	 ﾠ
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 ﾠ
1.1.3.	 ﾠBromocyclizations	 ﾠand	 ﾠSubsequent	 ﾠC3	 ﾠModification	 ﾠ
The	 ﾠuse	 ﾠof	 ﾠNBS	 ﾠand	 ﾠbromine	 ﾠas	 ﾠelectrophilic	 ﾠactivators	 ﾠfor	 ﾠthe	 ﾠbromination/cyclization	 ﾠcascade	 ﾠto	 ﾠ
access	 ﾠ hexahydropyrrolo[2,3-ﾭ‐b]indoles	 ﾠ from	 ﾠ tryptophan	 ﾠ derivatives	 ﾠ was	 ﾠfirst	 ﾠ reported	 ﾠ in	 ﾠ 2008	 ﾠ
independently	 ﾠby	 ﾠde	 ﾠLino
130	 ﾠand	 ﾠMovassaghi
131	 ﾠrespectively.	 ﾠ	 ﾠSince	 ﾠthen,	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠdeveloped	 ﾠ
further	 ﾠby	 ﾠMovassaghi
132–135	 ﾠand	 ﾠStevenson
136	 ﾠand	 ﾠhas	 ﾠbecome	 ﾠone	 ﾠof	 ﾠthe	 ﾠmost	 ﾠeffective	 ﾠand	 ﾠ
widely-ﾭ‐applied	 ﾠ approach	 ﾠ to	 ﾠ access	 ﾠ the	 ﾠ pyrrolo[2,3-ﾭ‐b]indole	 ﾠ skeleton	 ﾠ with	 ﾠ good	 ﾠ yield	 ﾠ and	 ﾠ
stereoselectivity.	 ﾠNot	 ﾠonly	 ﾠis	 ﾠthis	 ﾠapproach	 ﾠuseful	 ﾠfor	 ﾠthe	 ﾠpreparation	 ﾠof	 ﾠthe	 ﾠnumerous	 ﾠC3	 ﾠreverse	 ﾠ
prenylated	 ﾠalkaloids,	 ﾠbut	 ﾠalso	 ﾠthe	 ﾠpolymeric	 ﾠalkaloids	 ﾠsuch	 ﾠas	 ﾠpsychotetramine,
125	 ﾠfor	 ﾠwhich	 ﾠits	 ﾠ
application	 ﾠis	 ﾠmore	 ﾠwidely	 ﾠused.	 ﾠScheme	 ﾠ90	 ﾠdepicts	 ﾠXu	 ﾠand	 ﾠYe’s	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠnocardioazine	 ﾠB,	 ﾠ
using	 ﾠelectrophilic	 ﾠbromine	 ﾠreagents	 ﾠto	 ﾠmediate	 ﾠthe	 ﾠcyclization.	 ﾠThe	 ﾠprenyl	 ﾠgroup	 ﾠwas	 ﾠinstalled	 ﾠ
using	 ﾠa	 ﾠradical	 ﾠapproach,	 ﾠand	 ﾠit	 ﾠcan	 ﾠbe	 ﾠseen	 ﾠa	 ﾠmixture	 ﾠof	 ﾠthe	 ﾠdesired	 ﾠprenyl	 ﾠand	 ﾠundesired	 ﾠreverse	 ﾠ
prenyl	 ﾠwere	 ﾠafforded	 ﾠin	 ﾠthis	 ﾠcase.	 ﾠ
	 ﾠ
Scheme	 ﾠ90.	 ﾠBromocyclization	 ﾠand	 ﾠradical	 ﾠcoupling	 ﾠapproach	 ﾠtowards	 ﾠnocardioazine	 ﾠB.	 ﾠ
	 ﾠ
Qin	 ﾠalso	 ﾠutilised	 ﾠthis	 ﾠbromocyclization	 ﾠmethodology	 ﾠand,	 ﾠinspired	 ﾠby	 ﾠDanishefsky	 ﾠand	 ﾠMovassaghi,	 ﾠ
mediated	 ﾠa	 ﾠFriedel-ﾭ‐Crafts	 ﾠreaction	 ﾠcatalysed	 ﾠby	 ﾠsilver	 ﾠLewis	 ﾠacids	 ﾠto	 ﾠallow	 ﾠexclusive	 ﾠaccess	 ﾠto	 ﾠ
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 ﾠ
reverse-ﾭ‐prenylated	 ﾠ pyrrolo[2,3-ﾭ‐b]indole	 ﾠ alkaloids	 ﾠ such	 ﾠ as	 ﾠ ardeemin	 ﾠ and	 ﾠ N-ﾭ‐acetylardeemin	 ﾠ
(scheme	 ﾠ91).
137	 ﾠ
	 ﾠ
Scheme	 ﾠ91.	 ﾠBromocyclization	 ﾠand	 ﾠFriedel-ﾭ‐Crafts	 ﾠreaction	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrrolo[2,3-ﾭ‐b]indoles.	 ﾠ
	 ﾠ
1.1.4.	 ﾠReductive	 ﾠCyclizations	 ﾠ
Kawasaki	 ﾠ et	 ﾠ al.	 ﾠ have	 ﾠ reported	 ﾠ an	 ﾠ enantioselective	 ﾠ olefination/isomerization/Claisen	 ﾠ
rearrangement	 ﾠcascade	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠC3-ﾭ‐di-ﾭ‐substituted	 ﾠindolinone	 ﾠ431	 ﾠfrom	 ﾠindolinone	 ﾠ429	 ﾠ
in	 ﾠgood	 ﾠyield.
138,139	 ﾠSubsequent	 ﾠtransformations	 ﾠallow	 ﾠaccess	 ﾠto	 ﾠpyrrolo[2,3-ﾭ‐b]indoles	 ﾠthrough	 ﾠa	 ﾠ
reductive	 ﾠcyclization,	 ﾠwhich	 ﾠhas	 ﾠenabled	 ﾠthe	 ﾠfirst	 ﾠtotal	 ﾠsyntheses	 ﾠof	 ﾠfructeginine	 ﾠA	 ﾠ	 ﾠand	 ﾠokaramine	 ﾠ
M,	 ﾠboth	 ﾠin	 ﾠ16	 ﾠsteps	 ﾠ(scheme	 ﾠ92).	 ﾠ
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Scheme	 ﾠ92.	 ﾠKawasaki	 ﾠreductive	 ﾠcyclization	 ﾠapproach	 ﾠtowards	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠnatural	 ﾠ
products.	 ﾠ
	 ﾠ
1.1.5.	 ﾠCyclopropanation	 ﾠReactions	 ﾠ
Qin	 ﾠ et	 ﾠ al.	 ﾠ have	 ﾠ utilized	 ﾠ Cu(II)-ﾭ‐catalyzed	 ﾠ cyclopropanations	 ﾠ of	 ﾠ indoles	 ﾠ with	 ﾠ activated	 ﾠ diazo	 ﾠ
compounds	 ﾠ for	 ﾠ the	 ﾠ diastereoselective	 ﾠ synthesis	 ﾠ of	 ﾠ ardeemin	 ﾠ (scheme	 ﾠ 93).
140	 ﾠ The	 ﾠ approach	 ﾠ is	 ﾠ
general	 ﾠ and	 ﾠ could,	 ﾠ in	 ﾠ principle	 ﾠ be	 ﾠ applied	 ﾠ to	 ﾠ the	 ﾠ total	 ﾠ synthesis	 ﾠ of	 ﾠ many	 ﾠ reverse-ﾭ‐prenylated	 ﾠ
pyrrolo[2,3-ﾭ‐b]indoles.	 ﾠ
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Scheme	 ﾠ93.	 ﾠQin	 ﾠcyclopropanation	 ﾠapproach	 ﾠtowards	 ﾠardeemin.	 ﾠ
	 ﾠ
1.1.6.	 ﾠUse	 ﾠof	 ﾠRecombinant	 ﾠPrenyltransferases	 ﾠfor	 ﾠC3	 ﾠAlkylations	 ﾠ
The	 ﾠ use	 ﾠ of	 ﾠ enzymes	 ﾠ to	 ﾠ carry	 ﾠ out	 ﾠ synthetic	 ﾠ transformations	 ﾠ in	 ﾠ organic	 ﾠ chemistry	 ﾠ is	 ﾠ an	 ﾠ ever-ﾭ‐
increasing	 ﾠ field	 ﾠ of	 ﾠ research,	 ﾠ particularly	 ﾠ in	 ﾠ asymmetric	 ﾠ synthesis.
141,142	 ﾠ Recently,	 ﾠLi	 ﾠet	 ﾠal.	 ﾠ have	 ﾠ
utilised	 ﾠthis	 ﾠapproach	 ﾠin	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠC3-ﾭ‐reverse	 ﾠprenylated	 ﾠpyrrolo[2,3-ﾭ‐b]indoles,	 ﾠwhich	 ﾠhas	 ﾠ
led	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠseveral	 ﾠof	 ﾠthese	 ﾠalkaloids.	 ﾠ	 ﾠBy	 ﾠcloning	 ﾠand	 ﾠoverexpressing	 ﾠa	 ﾠgene	 ﾠcluster	 ﾠ
identified	 ﾠby	 ﾠgene	 ﾠmining	 ﾠas	 ﾠa	 ﾠprenyltransferase,	 ﾠthey	 ﾠwere	 ﾠable	 ﾠto	 ﾠaccess	 ﾠsynthetically	 ﾠuseful	 ﾠ
amounts	 ﾠ of	 ﾠ prenyltransferases	 ﾠ AnaPT	 ﾠ and	 ﾠ CdpNPT,	 ﾠ which	 ﾠ they	 ﾠ found	 ﾠ to	 ﾠ readily	 ﾠ catalyse	 ﾠ the	 ﾠ
stereoselective	 ﾠC3-ﾭ‐reverse	 ﾠprenylation	 ﾠand	 ﾠcyclization	 ﾠof	 ﾠbenzodiazepinones.
143	 ﾠIn	 ﾠfact,	 ﾠAnaPT	 ﾠand	 ﾠ
CdpNPT	 ﾠ introduce	 ﾠ the	 ﾠ reverse	 ﾠ prenyl	 ﾠ moiety	 ﾠ on	 ﾠ opposite	 ﾠ faces	 ﾠ of	 ﾠ the	 ﾠ benzodiazapinones,	 ﾠ
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facilitating	 ﾠ access	 ﾠ to	 ﾠ exo-ﾭ‐	 ﾠ and	 ﾠ endo-ﾭ‐configured	 ﾠ products	 ﾠ in	 ﾠ excellent	 ﾠ chemical	 ﾠ yield	 ﾠ (scheme	 ﾠ
94).
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 ﾠ
	 ﾠ
Scheme	 ﾠ94.	 ﾠUse	 ﾠof	 ﾠrecombinant	 ﾠenzyme	 ﾠapproach	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠreverse	 ﾠprenylated	 ﾠ
hexahydropyrrolo[2,3-ﾭ‐b]indoles.	 ﾠ
	 ﾠ
1.2.	 ﾠProject	 ﾠAims	 ﾠand	 ﾠOur	 ﾠSynthetic	 ﾠApproach	 ﾠ
C3-ﾭ‐reverse	 ﾠprenylated	 ﾠpyrrolo[2,3-ﾭ‐b]indoles	 ﾠare	 ﾠabundant	 ﾠin	 ﾠnature	 ﾠas	 ﾠbioactive	 ﾠalkaloids.	 ﾠWhile	 ﾠ
many	 ﾠtotal	 ﾠsyntheses	 ﾠhave	 ﾠbeen	 ﾠreported,	 ﾠmany	 ﾠof	 ﾠthese	 ﾠnatural	 ﾠproducts	 ﾠremain	 ﾠunsynthesized	 ﾠ
by	 ﾠthe	 ﾠorganic	 ﾠchemist.	 ﾠ	 ﾠOne	 ﾠsuch	 ﾠalkaloid	 ﾠis	 ﾠbrevicompanine	 ﾠC,	 ﾠisolated	 ﾠfrom	 ﾠPenicillium	 ﾠbrevi-ﾭ‐
compactum	 ﾠin	 ﾠ2005	 ﾠ(figure	 ﾠ9).
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 ﾠThe	 ﾠnatural	 ﾠproduct	 ﾠbelongs	 ﾠto	 ﾠthe	 ﾠdiketopiperazine	 ﾠfamily	 ﾠof	 ﾠ
pyrrolo[2,3-ﾭ‐b]indoles,	 ﾠ and	 ﾠ has	 ﾠ reported	 ﾠ plant	 ﾠ growth	 ﾠ regulatory	 ﾠ properties,	 ﾠ which	 ﾠ as	 ﾠ a	 ﾠ result	 ﾠ
makes	 ﾠit	 ﾠa	 ﾠcompound	 ﾠof	 ﾠsignificant	 ﾠinterest	 ﾠin	 ﾠan	 ﾠagricultural	 ﾠsetting	 ﾠas	 ﾠthe	 ﾠworld’s	 ﾠfood	 ﾠdemand	 ﾠ
increases	 ﾠexponentially.	 ﾠ
	 ﾠ
Figure	 ﾠ9.	 ﾠBrevicompanine	 ﾠC.	 ﾠ
	 ﾠ
In	 ﾠ2005,	 ﾠTamaru	 ﾠreported	 ﾠa	 ﾠnovel	 ﾠapproach	 ﾠtowards	 ﾠC3	 ﾠfunctionalization	 ﾠof	 ﾠindolyl	 ﾠcompounds	 ﾠ
using	 ﾠ trialkylborane	 ﾠ and	 ﾠ Pd(0)	 ﾠ chemistry	 ﾠ (eq.	 ﾠ (1)	 ﾠ scheme	 ﾠ 95).
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 ﾠ In	 ﾠ addition	 ﾠ to	 ﾠ this,	 ﾠ he	 ﾠ also	 ﾠ
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 ﾠ
reported	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ pyrrolo[2,3-ﾭ‐b]indoles	 ﾠ from	 ﾠ tryptophan	 ﾠ methyl	 ﾠ ester	 ﾠ (H-ﾭ‐Trp-ﾭ‐OMe)	 ﾠ
functionalized	 ﾠat	 ﾠC3	 ﾠwith	 ﾠan	 ﾠallyl	 ﾠgroup	 ﾠ(eq.	 ﾠ(2)	 ﾠscheme	 ﾠ95).	 ﾠ	 ﾠThe	 ﾠchemistry	 ﾠproceeds	 ﾠby	 ﾠthe	 ﾠ
generation	 ﾠof	 ﾠan	 ﾠallyl	 ﾠcation,	 ﾠwhich	 ﾠis	 ﾠcaptured	 ﾠby	 ﾠthe	 ﾠindole	 ﾠat	 ﾠthe	 ﾠmost	 ﾠnucleophilic	 ﾠC3	 ﾠposition,	 ﾠ
promoting	 ﾠspontaneous	 ﾠiminium	 ﾠcyclization	 ﾠonto	 ﾠthe	 ﾠindole	 ﾠwith	 ﾠthe	 ﾠpendant	 ﾠamine	 ﾠfunction	 ﾠto	 ﾠ
access	 ﾠthe	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠskeleton.	 ﾠ
	 ﾠ
Scheme	 ﾠ95.	 ﾠTamaru	 ﾠallylation	 ﾠof	 ﾠindoles	 ﾠand	 ﾠallylative	 ﾠcyclization	 ﾠof	 ﾠtryptophan.	 ﾠ
	 ﾠ
These	 ﾠreactions	 ﾠproceed	 ﾠwith	 ﾠthe	 ﾠgeneration	 ﾠof	 ﾠan	 ﾠallyl	 ﾠcation.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠthe	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠ
cyclizations,	 ﾠthe	 ﾠamino	 ﾠgroup	 ﾠtraps	 ﾠthe	 ﾠiminium	 ﾠion	 ﾠto	 ﾠform	 ﾠthe	 ﾠnew	 ﾠpyrrole	 ﾠring	 ﾠ(scheme	 ﾠ96).	 ﾠ
	 ﾠ
Scheme	 ﾠ96.	 ﾠProposed	 ﾠreaction	 ﾠmechanism	 ﾠfor	 ﾠthe	 ﾠPd	 ﾠcatalyzed,	 ﾠEt3B	 ﾠmediated	 ﾠallylative	 ﾠ
cyclizations.	 ﾠ
	 ﾠ
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Inspired	 ﾠby	 ﾠthese	 ﾠtransformations,	 ﾠTrost
146	 ﾠdeveloped	 ﾠan	 ﾠenantioselective	 ﾠapproach	 ﾠto	 ﾠthe	 ﾠC3	 ﾠ
alkylation	 ﾠof	 ﾠindoles	 ﾠ(scheme	 ﾠ97)	 ﾠand	 ﾠvery	 ﾠrecently	 ﾠRawal
147	 ﾠreported	 ﾠthe	 ﾠsuitability	 ﾠof	 ﾠbenzyl	 ﾠ
methyl	 ﾠcarbamates	 ﾠto	 ﾠthe	 ﾠbenzylation	 ﾠof	 ﾠindoles	 ﾠ(scheme	 ﾠ98).	 ﾠ
	 ﾠ
Scheme	 ﾠ97.	 ﾠTrost	 ﾠPd	 ﾠcatalyzed	 ﾠenantioselective	 ﾠindole	 ﾠallylation.	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ98.	 ﾠRawal	 ﾠPd	 ﾠcatalyzed	 ﾠindole	 ﾠbenzylation.	 ﾠ
	 ﾠ
We	 ﾠproposed	 ﾠby	 ﾠfollowing	 ﾠTamuru’s	 ﾠapproach,	 ﾠsubsequent	 ﾠtransformations	 ﾠshould	 ﾠenable	 ﾠaccess	 ﾠ
to	 ﾠ brevicompanine	 ﾠ C	 ﾠ (Scheme	 ﾠ 99).	 ﾠ Unfortunately	 ﾠ for	 ﾠ us,	 ﾠ the	 ﾠ endo	 ﾠ isomer	 ﾠ of	 ﾠ the	 ﾠ
hexahydropyrrolo[2,3-ﾭ‐c]indole	 ﾠ skeleton	 ﾠ is	 ﾠ favoured	 ﾠ using	 ﾠ the	 ﾠ Tamaru	 ﾠ approach,	 ﾠ while	 ﾠ the	 ﾠ
configuration	 ﾠof	 ﾠbrevicompanine	 ﾠC	 ﾠis	 ﾠexo.	 ﾠ	 ﾠWe	 ﾠreasoned	 ﾠthe	 ﾠuse	 ﾠof	 ﾠD-ﾭ‐tryptophan	 ﾠand	 ﾠsubsequent	 ﾠ
epimerization	 ﾠof	 ﾠthe	 ﾠamino	 ﾠstereocenter	 ﾠwould	 ﾠallow	 ﾠus	 ﾠto	 ﾠaccess	 ﾠthe	 ﾠdesired	 ﾠconfiguration	 ﾠof	 ﾠ
brevicompanine	 ﾠ C.	 ﾠ	 ﾠWe	 ﾠ propose	 ﾠ this	 ﾠ to	 ﾠ be	 ﾠ a	 ﾠ more	 ﾠ direct	 ﾠ route	 ﾠ compared	 ﾠ to	 ﾠ traditional	 ﾠ
electrophilic	 ﾠactivations	 ﾠsince	 ﾠno	 ﾠamino	 ﾠprotecting	 ﾠgroups	 ﾠwere	 ﾠrequired.	 ﾠ	 ﾠWith	 ﾠthis	 ﾠin	 ﾠmind	 ﾠwe	 ﾠ
also	 ﾠclaim	 ﾠit	 ﾠto	 ﾠbe	 ﾠa	 ﾠgreener	 ﾠapproach,	 ﾠsince	 ﾠhalogen,	 ﾠselenium	 ﾠor	 ﾠtin	 ﾠcontaining	 ﾠreagents	 ﾠare	 ﾠnot	 ﾠ
required,	 ﾠ and	 ﾠ is	 ﾠ irrefutably	 ﾠ better	 ﾠ in	 ﾠ terms	 ﾠ of	 ﾠ step	 ﾠ economy	 ﾠ and	 ﾠ atom-ﾭ‐economy.	 ﾠ 	 ﾠ Since	 ﾠ the	 ﾠ
authors	 ﾠonly	 ﾠreported	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠwith	 ﾠallyl	 ﾠalcohol,	 ﾠwe	 ﾠwould	 ﾠhave	 ﾠto	 ﾠexplore	 ﾠthe	 ﾠ
possibility	 ﾠof	 ﾠprenylative	 ﾠcyclization,	 ﾠwhich	 ﾠraises	 ﾠthe	 ﾠpotential	 ﾠissues	 ﾠof	 ﾠdiminished	 ﾠreactivity	 ﾠdue	 ﾠ
to	 ﾠ the	 ﾠ increased	 ﾠ steric	 ﾠ demand	 ﾠ at	 ﾠ the	 ﾠ reaction	 ﾠ centre,	 ﾠ and	 ﾠ regioselectivity,	 ﾠ due	 ﾠ to	 ﾠ the	 ﾠ non-ﾭ‐
symmetry	 ﾠof	 ﾠthe	 ﾠcarbocation	 ﾠgenerated	 ﾠin	 ﾠsitu.	 ﾠ	 ﾠBecause	 ﾠof	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠC3	 ﾠfunctionalized	 ﾠ
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pyrrolo[2,3-ﾭ‐b]indole	 ﾠ alkaloids,	 ﾠ we	 ﾠ were	 ﾠ not	 ﾠ overtly	 ﾠ concerned,	 ﾠ since	 ﾠ if	 ﾠ the	 ﾠ reverse	 ﾠ prenyl	 ﾠ
derivatives	 ﾠwere	 ﾠnot	 ﾠaccessible,	 ﾠwe	 ﾠwere	 ﾠconfident	 ﾠof	 ﾠaccessing	 ﾠother,	 ﾠless	 ﾠsterically	 ﾠhindered	 ﾠ
substrates,	 ﾠor	 ﾠstandard	 ﾠprenyl	 ﾠsubstituted	 ﾠalkaloids	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠregioselectivity	 ﾠissues.	 ﾠ	 ﾠIn	 ﾠany	 ﾠ
case,	 ﾠthe	 ﾠdesired	 ﾠregioselectivity	 ﾠwas	 ﾠachieved	 ﾠin	 ﾠthe	 ﾠprenylation	 ﾠof	 ﾠindole	 ﾠin	 ﾠone	 ﾠof	 ﾠthe	 ﾠexamples	 ﾠ
of	 ﾠthe	 ﾠtype	 ﾠ453	 ﾠ(scheme	 ﾠ95),	 ﾠand	 ﾠas	 ﾠsuch	 ﾠwe	 ﾠwere	 ﾠreasonably	 ﾠconfident	 ﾠof	 ﾠsuccess	 ﾠwhen	 ﾠapplied	 ﾠ
to	 ﾠthe	 ﾠtryptophan	 ﾠcyclization	 ﾠcase.	 ﾠ
	 ﾠ
Scheme	 ﾠ99.	 ﾠOur	 ﾠproposed	 ﾠsynthetic	 ﾠroute	 ﾠto	 ﾠbrevicompanine	 ﾠC.	 ﾠ 	 ﾠ
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2.	 ﾠResults	 ﾠand	 ﾠDiscussion	 ﾠ
2.1.	 ﾠAllylative	 ﾠCyclizations	 ﾠTowards	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠBrevicompanine	 ﾠC	 ﾠ
Before	 ﾠwe	 ﾠembarked	 ﾠupon	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠto	 ﾠafford	 ﾠC3-ﾭ‐reverse-ﾭ‐prenylated	 ﾠpyrroloindole	 ﾠ
architecture,	 ﾠwe	 ﾠfirst	 ﾠconcentrated	 ﾠupon	 ﾠrepeating	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠof	 ﾠTamaru	 ﾠwith	 ﾠallyl	 ﾠ
alcohol.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠsuccessfully	 ﾠachieved,	 ﾠaffording	 ﾠthe	 ﾠdesired	 ﾠallyl	 ﾠhexahydropyrrolo[2,3-ﾭ‐b]indole	 ﾠ
(455)	 ﾠin	 ﾠ63%	 ﾠyield,	 ﾠcomparable	 ﾠwith	 ﾠthat	 ﾠreported	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠby	 ﾠTamaru	 ﾠ(scheme	 ﾠ100).
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 ﾠ
We	 ﾠdid	 ﾠhowever	 ﾠfail	 ﾠto	 ﾠaccess	 ﾠthis	 ﾠsubstrate	 ﾠfree	 ﾠfrom	 ﾠtriphenylphosphine	 ﾠoxide	 ﾠcontamination,	 ﾠ
and	 ﾠ the	 ﾠ yield	 ﾠ is	 ﾠ based	 ﾠ upon	 ﾠ the	 ﾠ mass	 ﾠ of	 ﾠ the	 ﾠ product,	 ﾠ corrected	 ﾠ corresponding	 ﾠ to	 ﾠ
1H	 ﾠ NMR	 ﾠ
integrations.	 ﾠ 	 ﾠ At	 ﾠ this	 ﾠ point,	 ﾠ we	 ﾠ did	 ﾠ not	 ﾠ overtly	 ﾠ concern	 ﾠ ourselves	 ﾠ since	 ﾠ it	 ﾠ likely	 ﾠ subsequent	 ﾠ
reactions	 ﾠwould	 ﾠenable	 ﾠthe	 ﾠremoval	 ﾠof	 ﾠphosphine	 ﾠoxide	 ﾠby	 ﾠchromatography,	 ﾠshould	 ﾠthis	 ﾠbe	 ﾠa	 ﾠ
continuing	 ﾠproblem.	 ﾠ
	 ﾠ
Scheme	 ﾠ100.	 ﾠAllylative	 ﾠcyclization	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠwith	 ﾠallyl	 ﾠalcohol.	 ﾠ
	 ﾠ
Having	 ﾠsuccessfully	 ﾠreproduced	 ﾠTamaru’s	 ﾠallylative	 ﾠcyclization	 ﾠwith	 ﾠallyl	 ﾠalcohol,	 ﾠwe	 ﾠmoved	 ﾠto	 ﾠ
alcohol	 ﾠ 467	 ﾠ and	 ﾠ at	 ﾠ this	 ﾠ stage,	 ﾠ continued	 ﾠ with	 ﾠ L-ﾭ‐tryptophan	 ﾠ methyl	 ﾠ ester	 ﾠ during	 ﾠ the	 ﾠ method	 ﾠ
development	 ﾠstage	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠbrevicompanine	 ﾠC	 ﾠ(scheme	 ﾠ101).	 ﾠ	 ﾠDespite	 ﾠour	 ﾠsuccess	 ﾠin	 ﾠ
the	 ﾠ case	 ﾠ of	 ﾠ allyl	 ﾠ alcohol,	 ﾠ we	 ﾠ were	 ﾠ disappointed	 ﾠ to	 ﾠ observe	 ﾠ no	 ﾠ conversion	 ﾠ to	 ﾠ the	 ﾠ desired	 ﾠ
pyrroloindole	 ﾠ 470,	 ﾠ recovering	 ﾠ starting	 ﾠ materials	 ﾠ in	 ﾠ quantitative	 ﾠ amounts	 ﾠ (table	 ﾠ 30,	 ﾠ entry	 ﾠ 1).	 ﾠ	 ﾠ
Subsequently,	 ﾠwe	 ﾠrepeated	 ﾠthe	 ﾠreaction	 ﾠat	 ﾠelevated	 ﾠtemperature,	 ﾠbut	 ﾠagain	 ﾠthese	 ﾠreactions	 ﾠfailed	 ﾠ
at	 ﾠ 30	 ﾠ
oC,	 ﾠ 40	 ﾠ
oC	 ﾠ and	 ﾠ reflux	 ﾠ (entries	 ﾠ 2-ﾭ‐4).	 ﾠ 	 ﾠ There	 ﾠ have	 ﾠ been	 ﾠ successful	 ﾠ ‘reverse-ﾭ‐prenylations’	 ﾠ
reported	 ﾠby	 ﾠTamaru	 ﾠ(scheme	 ﾠ102),	 ﾠbut	 ﾠnever	 ﾠwith	 ﾠH-ﾭ‐Trp-ﾭ‐OMe.
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 ﾠGiven	 ﾠwe	 ﾠhad	 ﾠseen	 ﾠsuccess	 ﾠwith	 ﾠ
allyl	 ﾠalcohol,	 ﾠTamaru	 ﾠhad	 ﾠreported	 ﾠthe	 ﾠ‘reverse-ﾭ‐prenylation’	 ﾠof	 ﾠindole,	 ﾠand	 ﾠthe	 ﾠrecovery	 ﾠof	 ﾠstarting	 ﾠ
materials	 ﾠ rather	 ﾠ than	 ﾠ side	 ﾠ products	 ﾠ during	 ﾠ our	 ﾠ experiments	 ﾠ towards	 ﾠ 470	 ﾠ (scheme	 ﾠ 101),	 ﾠ we	 ﾠ
propose	 ﾠaccess	 ﾠto	 ﾠpyrroloindole	 ﾠ470	 ﾠis	 ﾠnot	 ﾠpossible	 ﾠusing	 ﾠthis	 ﾠapproach,	 ﾠdue	 ﾠto	 ﾠsteric	 ﾠfactors.	 ﾠ
	 ﾠ
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 ﾠ
Scheme	 ﾠ101.	 ﾠProposed	 ﾠapplication	 ﾠof	 ﾠTamaru’s	 ﾠallylative	 ﾠcyclization	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠ
pyrroloindole	 ﾠ470.	 ﾠ
	 ﾠ
Entry	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ
467	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(100%)	 ﾠ
2	 ﾠ
467	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
30	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(100%)	 ﾠ
3	 ﾠ
467	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
40	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(100%)	 ﾠ
4	 ﾠ
467	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
66	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ	 ﾠ	 ﾠ(0%)	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ(100%)	 ﾠ
Table	 ﾠ30.	 ﾠAttempts	 ﾠto	 ﾠaccess	 ﾠreverse-ﾭ‐prenyl	 ﾠpyrrolo[2,3-ﾭ‐b]indoles	 ﾠusing	 ﾠthe	 ﾠTamaru	 ﾠallylative	 ﾠ
cyclization	 ﾠapproach.	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ102.	 ﾠTamaru’s	 ﾠ‘reverse-ﾭ‐prenylation’	 ﾠof	 ﾠindole.	 ﾠ
	 ﾠ
Although	 ﾠ the	 ﾠ failure	 ﾠ of	 ﾠ this	 ﾠ reaction	 ﾠ was	 ﾠ disappointing,	 ﾠ we	 ﾠ anticipated	 ﾠ problems	 ﾠ since	 ﾠ the	 ﾠ
chemistry	 ﾠhas	 ﾠbeen	 ﾠwell	 ﾠreported,	 ﾠbut	 ﾠthere	 ﾠhas	 ﾠbeen	 ﾠno	 ﾠdiscussion	 ﾠof	 ﾠ‘reverse-ﾭ‐prenylation’	 ﾠof	 ﾠH-ﾭ‐
Trp-ﾭ‐OMe,	 ﾠdespite	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠnatural	 ﾠproducts	 ﾠavailable	 ﾠto	 ﾠsynthesize.	 ﾠ	 ﾠAlthough	 ﾠwe	 ﾠhad	 ﾠ
the	 ﾠ option	 ﾠ to	 ﾠ further	 ﾠ explore	 ﾠ routes	 ﾠ to	 ﾠ access	 ﾠ reverse-ﾭ‐prenyl	 ﾠ pyrrolo[2,3-ﾭ‐b]indoles	 ﾠ using	 ﾠ the	 ﾠ
allylative	 ﾠcyclization	 ﾠmethodology	 ﾠ(vide	 ﾠinfra)	 ﾠwe	 ﾠinstead	 ﾠdecided	 ﾠto	 ﾠabandon	 ﾠthis	 ﾠstream	 ﾠof	 ﾠthe	 ﾠ
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 ﾠ
project,	 ﾠ and	 ﾠ instead	 ﾠ target	 ﾠ a	 ﾠ natural	 ﾠ product	 ﾠ which	 ﾠ we	 ﾠ thought	 ﾠ would	 ﾠ prove	 ﾠ to	 ﾠ be	 ﾠ more	 ﾠ
amenable	 ﾠto	 ﾠthis	 ﾠapproach.	 ﾠ	 ﾠA	 ﾠsearch	 ﾠof	 ﾠthe	 ﾠliterature	 ﾠled	 ﾠus	 ﾠto	 ﾠangelicastigmin.	 ﾠ
	 ﾠ
2.2.	 ﾠAllylative	 ﾠCyclizations	 ﾠTowards	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠAngelicastigmin	 ﾠ
Angelicastigmin	 ﾠ(393)	 ﾠis	 ﾠa	 ﾠhexahydropyrrolo[2,3-ﾭ‐b]indole	 ﾠsubstituted	 ﾠat	 ﾠC3	 ﾠby	 ﾠa	 ﾠconiferyl	 ﾠgroup	 ﾠ
(figure	 ﾠ 10),	 ﾠ and	 ﾠ was	 ﾠ isolated	 ﾠ from	 ﾠ Angelica	 ﾠ polymorpha	 ﾠ Maxim	 ﾠ and	 ﾠ reported	 ﾠ in	 ﾠ 2000.
118	 ﾠ We	 ﾠ
proposed	 ﾠthe	 ﾠcorresponding	 ﾠconiferyl	 ﾠcation	 ﾠwould	 ﾠbe	 ﾠless	 ﾠsterically	 ﾠencumbered	 ﾠcompared	 ﾠto	 ﾠ
that	 ﾠof	 ﾠthe	 ﾠprenyl	 ﾠcation,	 ﾠwhich	 ﾠmay	 ﾠfacilitate	 ﾠthe	 ﾠdesired	 ﾠalkylation/cyclization	 ﾠcascade.	 ﾠ	 ﾠFurther	 ﾠ
to	 ﾠthis,	 ﾠdetermination	 ﾠby	 ﾠthe	 ﾠauthors	 ﾠof	 ﾠthe	 ﾠrelative	 ﾠstereochemistry	 ﾠof	 ﾠangelicastigmin	 ﾠwas	 ﾠnot	 ﾠ
possible	 ﾠdespite	 ﾠNOE	 ﾠ
1H	 ﾠNMR	 ﾠexperiments	 ﾠbeing	 ﾠconducted.	 ﾠ	 ﾠShould	 ﾠour	 ﾠsynthetic	 ﾠendeavours	 ﾠbe	 ﾠ
successful,	 ﾠwe	 ﾠproposed	 ﾠin	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠfirst	 ﾠtotal	 ﾠsynthesis	 ﾠof	 ﾠangelicastigmin,	 ﾠwe	 ﾠwould	 ﾠbe	 ﾠ
able	 ﾠto	 ﾠsynthesize	 ﾠenough	 ﾠmaterial	 ﾠto	 ﾠenable	 ﾠanalysis	 ﾠby	 ﾠX-ﾭ‐ray	 ﾠcrystallography	 ﾠfor	 ﾠdetermination	 ﾠ
of	 ﾠthe	 ﾠrelative	 ﾠstereochemistry	 ﾠof	 ﾠthe	 ﾠnatural	 ﾠproduct.	 ﾠ
	 ﾠ
Figure	 ﾠ10.	 ﾠAngelicastigmin	 ﾠ
	 ﾠ
2.2.1.	 ﾠAllylative	 ﾠCyclization	 ﾠof	 ﾠCinnamyl	 ﾠAlcohol:	 ﾠA	 ﾠTest	 ﾠSystem	 ﾠ
Before	 ﾠ embarking	 ﾠ upon	 ﾠ the	 ﾠ synthesis	 ﾠ of	 ﾠ angelicastigmin,	 ﾠ we	 ﾠ proposed	 ﾠ a	 ﾠ test	 ﾠ system	 ﾠ using	 ﾠ
cinnamyl	 ﾠalcohol	 ﾠ(474)	 ﾠin	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠwould	 ﾠprovide	 ﾠus	 ﾠa	 ﾠsimpler	 ﾠsystem	 ﾠto	 ﾠtest	 ﾠthe	 ﾠ
applicability	 ﾠof	 ﾠsuch	 ﾠa	 ﾠcation	 ﾠfor	 ﾠthe	 ﾠcyclization	 ﾠconditions	 ﾠ(scheme	 ﾠ103).	 ﾠ	 ﾠWe	 ﾠwere	 ﾠpleased	 ﾠto	 ﾠ
observe	 ﾠsuccess	 ﾠin	 ﾠthe	 ﾠalkylation/cyclization	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠand	 ﾠcinnamyl	 ﾠalcohol	 ﾠto	 ﾠafford	 ﾠthe	 ﾠ
corresponding	 ﾠhexahydropyrrolo[2,3-ﾭ‐b]indole	 ﾠproduct	 ﾠ475	 ﾠin	 ﾠ61%	 ﾠyield	 ﾠafter	 ﾠ24	 ﾠh.	 ﾠ	 ﾠThis	 ﾠresult	 ﾠ
adds	 ﾠcredence	 ﾠto	 ﾠour	 ﾠrationalization	 ﾠof	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠcorresponding	 ﾠcyclizations	 ﾠwith	 ﾠprenyl	 ﾠ
alcohol	 ﾠwas	 ﾠdue	 ﾠto	 ﾠsteric	 ﾠfactors.	 ﾠ	 ﾠWith	 ﾠthis	 ﾠpositive	 ﾠresult	 ﾠin	 ﾠhand,	 ﾠwe	 ﾠembarked	 ﾠinitially	 ﾠupon	 ﾠthe	 ﾠ
application	 ﾠ of	 ﾠ coniferyl	 ﾠ alcohol	 ﾠ (477),	 ﾠ accessed	 ﾠ from	 ﾠ the	 ﾠ commercially	 ﾠ available	 ﾠ coniferyl	 ﾠ
aldehyde	 ﾠ (476)	 ﾠ (scheme	 ﾠ 104).	 ﾠ	 ﾠThe	 ﾠ stereochemical	 ﾠ outcome	 ﾠ is	 ﾠ assigned	 ﾠ based	 ﾠ upon	 ﾠ the	 ﾠ
determination	 ﾠof	 ﾠTamaru	 ﾠfor	 ﾠhis	 ﾠallylative	 ﾠcyclization	 ﾠfor	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloindole	 ﾠ455.	 ﾠ
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 ﾠ
	 ﾠ
Scheme	 ﾠ103.	 ﾠAllylative	 ﾠcyclization	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠwith	 ﾠcinnamyl	 ﾠalcohol.	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ104.	 ﾠSynthesis	 ﾠof	 ﾠalcohol	 ﾠ477	 ﾠfrom	 ﾠaldehyde	 ﾠ476.	 ﾠ
	 ﾠ
2.2.2.	 ﾠAllylative	 ﾠCyclization	 ﾠof	 ﾠConiferyl	 ﾠAlcohol	 ﾠfor	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠAngelicastigmin	 ﾠ
Subjecting	 ﾠalcohol	 ﾠ477	 ﾠto	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠconditions	 ﾠused	 ﾠpreviously,	 ﾠfailed	 ﾠto	 ﾠafford	 ﾠthe	 ﾠ
desired	 ﾠproduct	 ﾠ(scheme	 ﾠ105,	 ﾠtable	 ﾠ31	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠThe	 ﾠreaction	 ﾠwas	 ﾠconducted	 ﾠat	 ﾠrt	 ﾠfor	 ﾠca.	 ﾠ24	 ﾠh,	 ﾠ
with	 ﾠTLC	 ﾠindicating	 ﾠno	 ﾠreaction.	 ﾠ	 ﾠWe	 ﾠsubsequently	 ﾠbegan	 ﾠheating,	 ﾠand	 ﾠ12	 ﾠh	 ﾠat	 ﾠ60	 ﾠ
oC	 ﾠprovided	 ﾠus	 ﾠ
with	 ﾠa	 ﾠnew	 ﾠproduct	 ﾠas	 ﾠindicated	 ﾠby	 ﾠTLC	 ﾠanalysis.	 ﾠ	 ﾠPurification	 ﾠof	 ﾠthe	 ﾠreaction	 ﾠmixture	 ﾠafforded	 ﾠthe	 ﾠ
product	 ﾠwith	 ﾠmoderate	 ﾠcontamination	 ﾠof	 ﾠphosphine	 ﾠoxide.	 ﾠ	 ﾠWe	 ﾠwere	 ﾠhowever	 ﾠdisappointed	 ﾠthe	 ﾠ
NMR	 ﾠand	 ﾠMS	 ﾠspectra	 ﾠdid	 ﾠnot	 ﾠmatch	 ﾠthat	 ﾠexpected	 ﾠof	 ﾠthe	 ﾠcyclized	 ﾠproduct,	 ﾠand	 ﾠwe	 ﾠwere	 ﾠunable	 ﾠto	 ﾠ
identify	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠthis	 ﾠproduct	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠWe	 ﾠsubsequently	 ﾠdecided	 ﾠupon	 ﾠprotection	 ﾠof	 ﾠthe	 ﾠ
free	 ﾠphenol	 ﾠmoiety	 ﾠas	 ﾠa	 ﾠTBS	 ﾠether	 ﾠ(scheme	 ﾠ106).	 ﾠ
	 ﾠ
Scheme	 ﾠ105.	 ﾠAttempts	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloindole	 ﾠ478.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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Entry	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ
477	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
24	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
	 ﾠ
2	 ﾠ
477	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
60	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
	 ﾠ
Table	 ﾠ31.	 ﾠAttempts	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloindole	 ﾠ478.	 ﾠ
	 ﾠ
	 ﾠ
Scheme	 ﾠ106.	 ﾠAllylative	 ﾠcyclization	 ﾠprotocol	 ﾠtowards	 ﾠangelicastigmin.	 ﾠ
	 ﾠ
Entry	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield	 ﾠ%)	 ﾠ
1	 ﾠ
479	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
12	 ﾠh	 ﾠ 	 ﾠ
(11%)	 ﾠ
2	 ﾠ
479	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
40	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
Table	 ﾠ32.	 ﾠAttempts	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠpyrroloindole	 ﾠ480.	 ﾠ
	 ﾠ
We	 ﾠwere	 ﾠpleased	 ﾠto	 ﾠobserve	 ﾠpyrroloindole	 ﾠ480	 ﾠfrom	 ﾠthe	 ﾠreaction	 ﾠof	 ﾠalcohol	 ﾠ479	 ﾠto	 ﾠthe	 ﾠoriginal	 ﾠ
reaction	 ﾠconditions,	 ﾠhowever	 ﾠa	 ﾠdisappointing	 ﾠ11%	 ﾠyield,	 ﾠwith	 ﾠrecovery	 ﾠof	 ﾠ64%	 ﾠalcohol	 ﾠ479	 ﾠwas	 ﾠ
seen	 ﾠ(table	 ﾠ 32,	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠThe	 ﾠrelative	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠconiferyl	 ﾠseries	 ﾠwas	 ﾠsurprising	 ﾠgiven	 ﾠthe	 ﾠ
success	 ﾠ of	 ﾠ the	 ﾠ cinnamyl	 ﾠ series,	 ﾠ however	 ﾠ given	 ﾠ the	 ﾠ alcohol	 ﾠ was	 ﾠ recovered,	 ﾠ we	 ﾠ repeated	 ﾠ the	 ﾠ
reaction,	 ﾠwith	 ﾠheating	 ﾠat	 ﾠ40	 ﾠ
oC.	 ﾠ	 ﾠThis	 ﾠafforded	 ﾠconsumption	 ﾠof	 ﾠthe	 ﾠalcohol,	 ﾠbut	 ﾠas	 ﾠbefore,	 ﾠNMR	 ﾠand	 ﾠ
MS	 ﾠanalysis	 ﾠindicated	 ﾠthe	 ﾠdesired	 ﾠproduct	 ﾠhad	 ﾠnot	 ﾠbeen	 ﾠformed	 ﾠand	 ﾠwe	 ﾠwere	 ﾠagain	 ﾠunable	 ﾠto	 ﾠ
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 ﾠ
determine	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠisolated	 ﾠproduct	 ﾠ(entry	 ﾠ2).	 ﾠ	 ﾠIt	 ﾠappeared	 ﾠheating	 ﾠthe	 ﾠreaction	 ﾠwas	 ﾠ
resulting	 ﾠin	 ﾠundesired	 ﾠside	 ﾠreactions,	 ﾠso	 ﾠwe	 ﾠconsidered	 ﾠalternatives	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠ
the	 ﾠreaction.	 ﾠ	 ﾠComparing	 ﾠthe	 ﾠrelative	 ﾠelectron	 ﾠrichness	 ﾠof	 ﾠthe	 ﾠconiferyl	 ﾠand	 ﾠcinnamyl	 ﾠsystems,	 ﾠwe	 ﾠ
realised	 ﾠ the	 ﾠ coniferyl	 ﾠ system	 ﾠ was	 ﾠ significantly	 ﾠ more	 ﾠ electron	 ﾠ rich.	 ﾠ 	 ﾠ While	 ﾠ this	 ﾠ should	 ﾠ not	 ﾠ
significantly	 ﾠaffect	 ﾠthe	 ﾠreactivity	 ﾠof	 ﾠthe	 ﾠalcohol	 ﾠsince	 ﾠconjugation	 ﾠof	 ﾠthe	 ﾠOH	 ﾠto	 ﾠthe	 ﾠconiferyl	 ﾠsystem	 ﾠ
is	 ﾠnot	 ﾠpresent,	 ﾠthe	 ﾠcorresponding	 ﾠallyl	 ﾠcation	 ﾠwould	 ﾠbe	 ﾠin	 ﾠconjugation	 ﾠwith	 ﾠthe	 ﾠconiferyl	 ﾠsystem,	 ﾠ
and	 ﾠso	 ﾠits	 ﾠreactivity	 ﾠcould	 ﾠbe	 ﾠsignificantly	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠelectronics	 ﾠof	 ﾠ the	 ﾠaromatic	 ﾠsystem	 ﾠ
(scheme	 ﾠ107).	 ﾠ
	 ﾠ
Scheme	 ﾠ107.	 ﾠAllyl	 ﾠcations	 ﾠ481	 ﾠand	 ﾠ482	 ﾠfrom	 ﾠtheir	 ﾠcorresponding	 ﾠallyl	 ﾠalcohols.	 ﾠ
	 ﾠ
To	 ﾠinvestigate	 ﾠthis	 ﾠtheory,	 ﾠwe	 ﾠproposed	 ﾠthe	 ﾠuse	 ﾠof	 ﾠelectron	 ﾠwithdrawing	 ﾠprotecting	 ﾠgroups	 ﾠon	 ﾠthe	 ﾠ
phenol.	 ﾠ	 ﾠTo	 ﾠthis	 ﾠend,	 ﾠTBS	 ﾠwas	 ﾠreplaced	 ﾠwith	 ﾠAc	 ﾠand	 ﾠTs	 ﾠas	 ﾠthe	 ﾠphenol	 ﾠprotecting	 ﾠgroup,	 ﾠand	 ﾠshould	 ﾠ
deactivate	 ﾠthe	 ﾠaromatic	 ﾠsystem	 ﾠby	 ﾠvarying	 ﾠdegrees	 ﾠ(scheme	 ﾠ108).	 ﾠ	 ﾠIf	 ﾠour	 ﾠtheory	 ﾠis	 ﾠcorrect	 ﾠand	 ﾠ
greater	 ﾠelectron	 ﾠdensity	 ﾠin	 ﾠthe	 ﾠaromatic	 ﾠsystem	 ﾠis	 ﾠstabilising	 ﾠthe	 ﾠallyl	 ﾠcation,	 ﾠconsequently	 ﾠmaking	 ﾠ
the	 ﾠsystem	 ﾠless	 ﾠreactive,	 ﾠthe	 ﾠincorporation	 ﾠof	 ﾠan	 ﾠelectron	 ﾠwithdrawing	 ﾠgroup	 ﾠshould	 ﾠencourage	 ﾠ
the	 ﾠreaction	 ﾠto	 ﾠproceed	 ﾠas	 ﾠdesired.	 ﾠ
	 ﾠ
Scheme	 ﾠ108.	 ﾠPreparation	 ﾠof	 ﾠalcohols	 ﾠ485	 ﾠand	 ﾠ486	 ﾠfrom	 ﾠaldehyde	 ﾠ476.	 ﾠ
	 ﾠ
We	 ﾠ first	 ﾠ applied	 ﾠ alcohol	 ﾠ 485	 ﾠ to	 ﾠ the	 ﾠ allylative	 ﾠ cyclization	 ﾠ protocol,	 ﾠ but	 ﾠ as	 ﾠ with	 ﾠ our	 ﾠ previous	 ﾠ
attempts,	 ﾠa	 ﾠdisappointing	 ﾠconversion	 ﾠ(as	 ﾠconfirmed	 ﾠby	 ﾠTLC	 ﾠanalysis)	 ﾠwas	 ﾠobserved	 ﾠ(scheme	 ﾠ109,	 ﾠ
table	 ﾠ33	 ﾠentry	 ﾠ1).	 ﾠ	 ﾠUndeterred,	 ﾠwe	 ﾠcontinued	 ﾠalong	 ﾠthis	 ﾠtheme,	 ﾠand	 ﾠapplied	 ﾠalcohol	 ﾠ486	 ﾠbearing	 ﾠ
the	 ﾠmore	 ﾠdeactivating	 ﾠprotecting	 ﾠgroup,	 ﾠTs.	 ﾠ	 ﾠTo	 ﾠour	 ﾠsurprise,	 ﾠthe	 ﾠreaction	 ﾠfared	 ﾠworse	 ﾠthat	 ﾠthat	 ﾠof	 ﾠ
the	 ﾠreactions	 ﾠwith	 ﾠTBS	 ﾠand	 ﾠAc	 ﾠprotected	 ﾠalcohols,	 ﾠwith	 ﾠno	 ﾠconversion	 ﾠobserved	 ﾠwith	 ﾠTLC	 ﾠanalysis	 ﾠ
(entry	 ﾠ2).	 ﾠ	 ﾠWith	 ﾠthis	 ﾠobservation,	 ﾠand	 ﾠdue	 ﾠto	 ﾠa	 ﾠlack	 ﾠof	 ﾠtime,	 ﾠresearch	 ﾠwas	 ﾠhalted	 ﾠat	 ﾠthis	 ﾠpoint.	 ﾠ
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 ﾠ
Scheme	 ﾠ109.	 ﾠAttempts	 ﾠtowards	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠand	 ﾠvarious	 ﾠconiferyl	 ﾠ
alcohols.	 ﾠ
	 ﾠ
Entry	 ﾠ Reaction	 ﾠconditions	 ﾠ Reaction	 ﾠoutcome	 ﾠ(yield)	 ﾠ
1	 ﾠ
485	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
12	 ﾠh	 ﾠ
n.d.	 ﾠ
2	 ﾠ
486	 ﾠ(1.2	 ﾠeq.),	 ﾠPd(PPh3)4	 ﾠ(0.10	 ﾠeq.),	 ﾠEt3B	 ﾠ(1.2	 ﾠeq.),	 ﾠTHF,	 ﾠ
40	 ﾠ
oC,	 ﾠ12	 ﾠh	 ﾠ 	 ﾠ
(0%)	 ﾠ
Table	 ﾠ33.	 ﾠAttempts	 ﾠto	 ﾠaccess	 ﾠcinnamyl	 ﾠpyrrolo[2,3-ﾭ‐b]indoles	 ﾠusing	 ﾠthe	 ﾠTamaru	 ﾠallylative	 ﾠ
cyclization	 ﾠapproach.	 ﾠ 	 ﾠ
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3.	 ﾠConclusions	 ﾠand	 ﾠFuture	 ﾠWork	 ﾠ
While	 ﾠwe	 ﾠwere	 ﾠdisappointed	 ﾠto	 ﾠobserve	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠalkylation/cyclization	 ﾠcascade	 ﾠin	 ﾠthe	 ﾠ
prenyl	 ﾠseries,	 ﾠit	 ﾠwas	 ﾠanticipated	 ﾠthe	 ﾠcongestion	 ﾠof	 ﾠthe	 ﾠallyl	 ﾠcation	 ﾠand	 ﾠC3	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠmight	 ﾠ
prevent	 ﾠthis	 ﾠallylative	 ﾠcyclization	 ﾠmethodology	 ﾠfrom	 ﾠbeing	 ﾠsuccessfully	 ﾠapplied	 ﾠin	 ﾠthese	 ﾠcases.	 ﾠ	 ﾠ
Further	 ﾠ to	 ﾠ this,	 ﾠ we	 ﾠ were	 ﾠ both	 ﾠ surprised	 ﾠ and	 ﾠ disappointed	 ﾠ at	 ﾠ the	 ﾠ failure	 ﾠ to	 ﾠ afford	 ﾠ the	 ﾠ
angelicastigmin	 ﾠvia	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠmethodology,	 ﾠparticularly	 ﾠhaving	 ﾠshown	 ﾠfeasibility	 ﾠin	 ﾠ
the	 ﾠapplication	 ﾠof	 ﾠcinnamyl	 ﾠalcohol	 ﾠfor	 ﾠsuccess	 ﾠin	 ﾠthe	 ﾠtest	 ﾠsystem.	 ﾠ	 ﾠUnfortunately,	 ﾠtime	 ﾠconstraints	 ﾠ
prevented	 ﾠus	 ﾠfrom	 ﾠexploring	 ﾠfurther	 ﾠpossibilities	 ﾠin	 ﾠboth	 ﾠcases.	 ﾠ	 ﾠThere	 ﾠare	 ﾠalternative	 ﾠapproaches	 ﾠ
which	 ﾠ could	 ﾠ be	 ﾠ applied	 ﾠ in	 ﾠ the	 ﾠ search	 ﾠ of	 ﾠ the	 ﾠ first	 ﾠ total	 ﾠ syntheses	 ﾠ of	 ﾠ brevicompanine	 ﾠ C	 ﾠ and	 ﾠ
angelicastigmin.	 ﾠ	 ﾠThe	 ﾠuse	 ﾠof	 ﾠthe	 ﾠallylative	 ﾠcyclization	 ﾠmethodology	 ﾠof	 ﾠTamaru,	 ﾠother	 ﾠestablished	 ﾠ
approaches	 ﾠto	 ﾠpyrrolo[2,3-ﾭ‐b]indole	 ﾠalkaloids,	 ﾠor	 ﾠother,	 ﾠnovel	 ﾠapproaches,	 ﾠof	 ﾠwhich	 ﾠsome	 ﾠwill	 ﾠbe	 ﾠ
further	 ﾠdiscussed	 ﾠvide	 ﾠinfra.	 ﾠ
	 ﾠ
3.1.	 ﾠModifications	 ﾠto	 ﾠFacilitate	 ﾠthe	 ﾠSuccessful	 ﾠUse	 ﾠof	 ﾠTamaru	 ﾠAllylative	 ﾠCyclization	 ﾠMethodology	 ﾠ
3.1.1	 ﾠSynthesis	 ﾠof	 ﾠBrevicompanine	 ﾠC	 ﾠ
Unfortunately,	 ﾠ we	 ﾠ were	 ﾠ not	 ﾠ able	 ﾠ to	 ﾠ explore	 ﾠ further	 ﾠ modifications	 ﾠ to	 ﾠ the	 ﾠ Tamaru	 ﾠ approach	 ﾠ
towards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠbrevicompanine	 ﾠC,	 ﾠwhere	 ﾠwe	 ﾠfailed	 ﾠto	 ﾠpromote	 ﾠan	 ﾠallylative	 ﾠcyclization	 ﾠ
process	 ﾠusing	 ﾠa	 ﾠprenyl	 ﾠalcohol.	 ﾠ	 ﾠOne	 ﾠpossibility	 ﾠwe	 ﾠdid	 ﾠnot	 ﾠexplore	 ﾠis	 ﾠto	 ﾠalter	 ﾠthe	 ﾠorder	 ﾠof	 ﾠreactions	 ﾠ
so	 ﾠthe	 ﾠdiketopiperazine	 ﾠmoiety	 ﾠis	 ﾠprepared	 ﾠbefore	 ﾠthe	 ﾠsubsequent	 ﾠallylative	 ﾠcyclization	 ﾠ(scheme	 ﾠ
110).	 ﾠ	 ﾠIt	 ﾠis	 ﾠspeculative	 ﾠas	 ﾠto	 ﾠwhether	 ﾠthis	 ﾠwould	 ﾠenable	 ﾠthe	 ﾠcyclization,	 ﾠand	 ﾠwith	 ﾠthe	 ﾠrequired	 ﾠuse	 ﾠ
of	 ﾠH-ﾭ‐D-ﾭ‐Trp-ﾭ‐OMe,	 ﾠa	 ﾠsubsequent	 ﾠepimerization	 ﾠmay	 ﾠalso	 ﾠscramble	 ﾠthe	 ﾠstereocenter	 ﾠbearing	 ﾠthe	 ﾠ
isopropyl	 ﾠgroup.	 ﾠ
	 ﾠ
Scheme	 ﾠ110.	 ﾠAllylative	 ﾠcyclization	 ﾠof	 ﾠindole	 ﾠdiketopiperazine	 ﾠ489.	 ﾠ
	 ﾠ
	 ﾠ
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3.1.2.	 ﾠSynthesis	 ﾠof	 ﾠAngelicastigmin	 ﾠ
Despite	 ﾠa	 ﾠsuccessful	 ﾠtest	 ﾠsystem,	 ﾠwhere	 ﾠan	 ﾠallylative	 ﾠcyclization	 ﾠprocess	 ﾠinvolving	 ﾠcinnamyl	 ﾠalcohol	 ﾠ
afforded	 ﾠthe	 ﾠdesired	 ﾠC3-ﾭ‐substituted	 ﾠpyrrolo[2,3-ﾭ‐b]indole,	 ﾠwe	 ﾠfailed	 ﾠto	 ﾠrepeat	 ﾠthese	 ﾠresults	 ﾠusing	 ﾠ
coniferyl	 ﾠalcohol.	 ﾠ	 ﾠRational	 ﾠinspection	 ﾠof	 ﾠthe	 ﾠlikely	 ﾠreaction	 ﾠprocess	 ﾠled	 ﾠus	 ﾠto	 ﾠpostulate	 ﾠthe	 ﾠuse	 ﾠof	 ﾠ
an	 ﾠelectron	 ﾠrich	 ﾠallyl	 ﾠcation	 ﾠmay	 ﾠprohibit	 ﾠallylative	 ﾠcyclization.	 ﾠ	 ﾠBy	 ﾠmodulating	 ﾠthe	 ﾠelectronics	 ﾠof	 ﾠ
the	 ﾠconiferyl	 ﾠalcohol	 ﾠby	 ﾠthe	 ﾠuse	 ﾠof	 ﾠdifferent	 ﾠprotecting	 ﾠgroups	 ﾠfor	 ﾠthe	 ﾠphenol	 ﾠmoiety,	 ﾠwe	 ﾠappear	 ﾠ
to	 ﾠ have	 ﾠ ruled	 ﾠ out	 ﾠ this	 ﾠ hypothesis,	 ﾠ since	 ﾠ tentative	 ﾠ investigations	 ﾠ with	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ a	 ﾠ tosylate	 ﾠ
protecting	 ﾠgroup	 ﾠwere	 ﾠinferior	 ﾠto	 ﾠthat	 ﾠof	 ﾠAc	 ﾠand	 ﾠTBS.	 ﾠ
	 ﾠ
3.2.	 ﾠEstablished	 ﾠMethodology	 ﾠfor	 ﾠthe	 ﾠPreparation	 ﾠof	 ﾠHexahydropyrrolo[2,3-ﾭ‐b]indoles	 ﾠand	 ﾠtheir	 ﾠ
Application	 ﾠto	 ﾠthe	 ﾠSynthesis	 ﾠof	 ﾠC3-ﾭ‐substituted	 ﾠPyrrolo[2,3-ﾭ‐b]indoles	 ﾠ
As	 ﾠ discussed	 ﾠ in	 ﾠ section	 ﾠ 1.1,	 ﾠ there	 ﾠ are	 ﾠ several	 ﾠ reported	 ﾠ routes	 ﾠ to	 ﾠ C3-ﾭ‐substituted	 ﾠ pyrrolo[2,3-ﾭ‐
b]indoles	 ﾠand	 ﾠone	 ﾠof	 ﾠthese	 ﾠestablished	 ﾠmethodologies	 ﾠcould	 ﾠbe	 ﾠused	 ﾠto	 ﾠaccess	 ﾠbrevicompanine	 ﾠC	 ﾠ
and	 ﾠangelicastigmin.	 ﾠ
	 ﾠ
3.3.	 ﾠNovel	 ﾠApproaches	 ﾠfor	 ﾠthe	 ﾠPreparation	 ﾠof	 ﾠPyrrolo[2,3-ﾭ‐b]indoles	 ﾠ
3.3.1.	 ﾠSynthesis	 ﾠof	 ﾠAngelicastigmin	 ﾠ
3.3.1.1	 ﾠCross-ﾭ‐Metathesis	 ﾠof	 ﾠHexahydropyrrolo[2,3-ﾭ‐b]indole	 ﾠ455	 ﾠ
Given	 ﾠwe	 ﾠhad	 ﾠsuccessfully	 ﾠrepeated	 ﾠTamuro’s	 ﾠallylation	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠto	 ﾠafford	 ﾠpyrroloindole	 ﾠ455,	 ﾠ
we	 ﾠ propose	 ﾠ a	 ﾠ cross	 ﾠ metathesis	 ﾠ reaction	 ﾠ with	 ﾠ the	 ﾠ alkene	 ﾠ accessed	 ﾠ from	 ﾠ vanillin	 ﾠ via	 ﾠ a	 ﾠ Wittig	 ﾠ
reaction	 ﾠmay	 ﾠbe	 ﾠan	 ﾠapplicable	 ﾠroute	 ﾠto	 ﾠangelicastigmin	 ﾠ(see	 ﾠscheme	 ﾠ111).	 ﾠ
	 ﾠ
Scheme	 ﾠ111.	 ﾠ	 ﾠCross	 ﾠmetathesis	 ﾠapproach	 ﾠtowards	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠangelicastigmin	 ﾠ
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3.3.1.2.	 ﾠStereoselective	 ﾠTryptophan	 ﾠVinylation	 ﾠwith	 ﾠIodonium	 ﾠSalts	 ﾠ
In	 ﾠthe	 ﾠlast	 ﾠten	 ﾠyears,	 ﾠa	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠwork	 ﾠinvolving	 ﾠthe	 ﾠuse	 ﾠof	 ﾠdiaryliodonium	 ﾠsalts	 ﾠin	 ﾠα-ﾭ‐arylation	 ﾠof	 ﾠ
carbonyl	 ﾠ compounds,
148–150	 ﾠ Cu(II)
148,151–153	 ﾠ and	 ﾠ Pd(0)
154–160	 ﾠ catalyzed	 ﾠ cross-ﾭ‐couplings,	 ﾠ and	 ﾠ
heteroatom	 ﾠarylations	 ﾠhave	 ﾠbeen	 ﾠreported	 ﾠand	 ﾠreviewed.
161,162	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠreplacement	 ﾠ
of	 ﾠan	 ﾠaryl	 ﾠhalide	 ﾠor	 ﾠtriflate	 ﾠas	 ﾠused	 ﾠin	 ﾠfor	 ﾠexample	 ﾠSuzuki-ﾭ‐Miyaura,	 ﾠSonogashira,	 ﾠBuchwald-ﾭ‐Hartwig	 ﾠ
reactions	 ﾠwith	 ﾠI(III)	 ﾠdiaryliodonium	 ﾠsalts	 ﾠcan	 ﾠenhance	 ﾠthe	 ﾠapplication	 ﾠof	 ﾠC-ﾭ‐C	 ﾠcoupling	 ﾠreactions	 ﾠin	 ﾠ
the	 ﾠ aspect	 ﾠ of	 ﾠ reaction	 ﾠ rate,	 ﾠ time,	 ﾠ yield	 ﾠ and	 ﾠ scope.
162	 ﾠ While	 ﾠ having	 ﾠ not	 ﾠ been	 ﾠ applied	 ﾠ to	 ﾠ the	 ﾠ
synthesis	 ﾠ of	 ﾠ pyrrolo[2,3-ﾭ‐b]indoles,	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ diaryliodonium	 ﾠ salts	 ﾠ for	 ﾠ the	 ﾠ arylation	 ﾠ of	 ﾠ the	 ﾠ C3	 ﾠ
position	 ﾠof	 ﾠindoles	 ﾠat	 ﾠC3	 ﾠhas	 ﾠbeen	 ﾠreported.
163	 ﾠFurther	 ﾠto	 ﾠthis,	 ﾠC3	 ﾠarylation	 ﾠand	 ﾠvinylation	 ﾠof	 ﾠ
tryptophols	 ﾠand	 ﾠintramolecular	 ﾠtrapping	 ﾠof	 ﾠthe	 ﾠevolved	 ﾠiminium	 ﾠion	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠ(eq.	 ﾠ(1)	 ﾠ
scheme	 ﾠ 112).
164	 ﾠ We	 ﾠ propose	 ﾠ the	 ﾠ use	 ﾠ of	 ﾠ H-ﾭ‐Trp-ﾭ‐OMe	 ﾠ (454)	 ﾠ in	 ﾠ place	 ﾠ of	 ﾠ tryptophol	 ﾠ 491	 ﾠ would	 ﾠ
facilitate	 ﾠ access	 ﾠ to	 ﾠ the	 ﾠ corresponding	 ﾠ hexahydropyrrolo[2,3-ﾭ‐b]indole	 ﾠ 495.	 ﾠ 	 ﾠ It	 ﾠ is	 ﾠ reasonable	 ﾠ to	 ﾠ
propose,	 ﾠ a	 ﾠ base	 ﾠ of	 ﾠ sufficient	 ﾠ strength	 ﾠ should	 ﾠ isomerize	 ﾠ the	 ﾠ alkene	 ﾠ into	 ﾠ conjugation	 ﾠ with	 ﾠ the	 ﾠ
aromatic	 ﾠsystem	 ﾠto	 ﾠaccess	 ﾠangelicastigmin	 ﾠ(eq.	 ﾠ(2)	 ﾠscheme	 ﾠ112).	 ﾠ
	 ﾠ
3.3.2.	 ﾠNovel	 ﾠApproaches	 ﾠto	 ﾠthe	 ﾠGeneral	 ﾠSynthesis	 ﾠof	 ﾠC3-ﾭ‐substituted	 ﾠPyrrolo[2,3-ﾭ‐b]indoles	 ﾠ
3.3.2.1	 ﾠAsymmetric	 ﾠTryptophan	 ﾠMichael	 ﾠAddition	 ﾠand	 ﾠIminium	 ﾠCyclization	 ﾠ
There	 ﾠare	 ﾠexamples	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠof	 ﾠthe	 ﾠapplication	 ﾠof	 ﾠMichael	 ﾠadditions	 ﾠto	 ﾠC3	 ﾠof	 ﾠtryptamine	 ﾠ
with	 ﾠthe	 ﾠuse	 ﾠof	 ﾠasymmetric	 ﾠorganocatalysis	 ﾠto	 ﾠaccess	 ﾠthe	 ﾠcorresponding	 ﾠhexahydropyrrolo[2,3-ﾭ‐
b]indoles	 ﾠ in	 ﾠ good	 ﾠ yield	 ﾠ and	 ﾠ stereocontrol	 ﾠ using	 ﾠ Mannich
165	 ﾠ and	 ﾠ Brønsted	 ﾠ acid
166	 ﾠ activation	 ﾠ
(scheme	 ﾠ113,	 ﾠeq.	 ﾠ(1)	 ﾠ&	 ﾠ(2)	 ﾠrespectively).	 ﾠWe	 ﾠpropose	 ﾠthe	 ﾠinherent	 ﾠdiastereocontrol	 ﾠafforded	 ﾠby	 ﾠ
the	 ﾠpresence	 ﾠof	 ﾠchirality	 ﾠin	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠcould	 ﾠbe	 ﾠexploited	 ﾠby	 ﾠusing	 ﾠa	 ﾠsimilar	 ﾠapproach	 ﾠto	 ﾠaccess	 ﾠ
both	 ﾠbrevicompanine	 ﾠC	 ﾠand	 ﾠangelicastigmin	 ﾠin	 ﾠa	 ﾠdiastereoselective	 ﾠmanner,	 ﾠas	 ﾠwas	 ﾠthe	 ﾠcase	 ﾠin	 ﾠthe	 ﾠ
Tamaru	 ﾠallylative	 ﾠcyclization	 ﾠof	 ﾠH-ﾭ‐Trp-ﾭ‐OMe	 ﾠ(scheme	 ﾠ113,	 ﾠeq.	 ﾠ(3)).	 ﾠ
	 ﾠ	 ﾠ 112	 ﾠ
	 ﾠ
Scheme	 ﾠ112.	 ﾠCu(II)	 ﾠcatalyzed	 ﾠC3	 ﾠarylation	 ﾠand	 ﾠvinylation	 ﾠand	 ﾠiminium	 ﾠion	 ﾠcyclization	 ﾠof	 ﾠ
tryptophols	 ﾠ(eq.	 ﾠ(1))	 ﾠand	 ﾠits	 ﾠproposed	 ﾠapplication	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠangelicastigmin	 ﾠ(eq.	 ﾠ(2)).	 ﾠ
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Scheme	 ﾠ113.	 ﾠOrganocatalyzed	 ﾠenantioselective	 ﾠMichael	 ﾠaddition/iminium	 ﾠcyclization	 ﾠof	 ﾠ
tryptamines	 ﾠand	 ﾠits	 ﾠpossible	 ﾠapplication	 ﾠto	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠbrevicompanine	 ﾠC	 ﾠand	 ﾠ
angelicastigmin.	 ﾠ
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Chapter	 ﾠ4	 ﾠ
CONCLUSIONS	 ﾠAND	 ﾠPERSPECTIVES	 ﾠ
	 ﾠ
The	 ﾠresearch	 ﾠpresented	 ﾠin	 ﾠthis	 ﾠthesis	 ﾠhas	 ﾠhighlighted	 ﾠthe	 ﾠdiverse	 ﾠapplications	 ﾠto	 ﾠwhich	 ﾠiminium	 ﾠ
ions	 ﾠcan	 ﾠbe	 ﾠimplemented	 ﾠin	 ﾠsynthetic	 ﾠorganic	 ﾠchemistry.	 ﾠ	 ﾠThe	 ﾠarea	 ﾠis	 ﾠwell	 ﾠestablished,	 ﾠbut	 ﾠwe	 ﾠ
have	 ﾠshown	 ﾠthere	 ﾠis	 ﾠscope	 ﾠfor	 ﾠfurther	 ﾠdevelopment;	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠour	 ﾠ(CHCl2)2	 ﾠconditions.	 ﾠ	 ﾠThe	 ﾠ
method	 ﾠwe	 ﾠhave	 ﾠdeveloped	 ﾠfor	 ﾠthe	 ﾠintermolecular	 ﾠand	 ﾠintramolecular	 ﾠα-ﾭ‐amidoalkylation	 ﾠof	 ﾠα-ﾭ‐
hydroxy	 ﾠlactams	 ﾠcompares	 ﾠfavourably	 ﾠwith	 ﾠthe	 ﾠleading	 ﾠliterature	 ﾠin	 ﾠthis	 ﾠarea.	 ﾠ	 ﾠWe	 ﾠwould	 ﾠhave	 ﾠ
liked	 ﾠto	 ﾠhave	 ﾠshowcased	 ﾠthis	 ﾠchemistry	 ﾠwith	 ﾠthe	 ﾠsynthesis	 ﾠof	 ﾠthe	 ﾠmarinoquinoline	 ﾠseries	 ﾠof	 ﾠnatural	 ﾠ
products	 ﾠusing	 ﾠthe	 ﾠPictet-ﾭ‐Spengler	 ﾠapproach	 ﾠdetailed	 ﾠin	 ﾠchapter	 ﾠ2.	 ﾠ	 ﾠUnfortunately,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠ
sensitivity	 ﾠof	 ﾠthe	 ﾠpyrroloaniline	 ﾠto	 ﾠhigh	 ﾠtemperature,	 ﾠthis	 ﾠwas	 ﾠnot	 ﾠpossible,	 ﾠ
	 ﾠ
We	 ﾠwere	 ﾠable	 ﾠto	 ﾠsynthesize	 ﾠmarinoquinolines	 ﾠA,	 ﾠB,	 ﾠC,	 ﾠE	 ﾠand	 ﾠaplidiopsamine	 ﾠA	 ﾠusing	 ﾠa	 ﾠMovassaghi-ﾭ‐
Pictet-ﾭ‐Hubert	 ﾠ approach	 ﾠ in	 ﾠ excellent	 ﾠ yields	 ﾠ in	 ﾠ all	 ﾠ cases.	 ﾠ 	 ﾠ Our	 ﾠ attempts	 ﾠ using	 ﾠ a	 ﾠ Pictet-ﾭ‐Spengler	 ﾠ
approach	 ﾠdid	 ﾠprovide	 ﾠus	 ﾠwith	 ﾠthe	 ﾠdesired	 ﾠpyrroloquinoline	 ﾠproducts	 ﾠin	 ﾠsome	 ﾠcases,	 ﾠbut	 ﾠthe	 ﾠyields	 ﾠ
for	 ﾠthe	 ﾠcyclization	 ﾠwere	 ﾠvery	 ﾠlow.	 ﾠ	 ﾠDuring	 ﾠour	 ﾠefforts	 ﾠtowards	 ﾠthese	 ﾠnatural	 ﾠproducts,	 ﾠseveral	 ﾠ
other	 ﾠgroups	 ﾠpublished	 ﾠtheir	 ﾠsuccessful	 ﾠapproaches.	 ﾠ	 ﾠWhile	 ﾠwe	 ﾠwere	 ﾠunable	 ﾠto	 ﾠdeliver	 ﾠthe	 ﾠfirst	 ﾠ
total	 ﾠsynthesis	 ﾠof	 ﾠthese	 ﾠnatural	 ﾠproducts,	 ﾠwe	 ﾠbelieve	 ﾠour	 ﾠapproach	 ﾠaffords	 ﾠthe	 ﾠbest	 ﾠcompromise	 ﾠ
between	 ﾠreaction	 ﾠyields,	 ﾠnumber	 ﾠof	 ﾠsteps	 ﾠand	 ﾠbroad	 ﾠscope.	 ﾠ	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠsyntheses,	 ﾠwe	 ﾠ
have	 ﾠalso	 ﾠproduced	 ﾠa	 ﾠsmall	 ﾠlibrary	 ﾠof	 ﾠanalogues	 ﾠfor	 ﾠbiological	 ﾠtesting.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠof	 ﾠthis	 ﾠwork	 ﾠ
have	 ﾠfailed	 ﾠto	 ﾠprovide	 ﾠa	 ﾠstrong	 ﾠinsight	 ﾠinto	 ﾠSAR,	 ﾠbut	 ﾠwe	 ﾠhave	 ﾠrevealed	 ﾠsome	 ﾠinteresting	 ﾠand	 ﾠmore	 ﾠ
active	 ﾠcompounds	 ﾠin	 ﾠboth	 ﾠcytotoxicity	 ﾠand	 ﾠantimicrobial	 ﾠassays.	 ﾠ	 ﾠThe	 ﾠdetails	 ﾠof	 ﾠthis	 ﾠwork	 ﾠare	 ﾠ
currently	 ﾠbeing	 ﾠtranscribed	 ﾠinto	 ﾠmanuscript	 ﾠform	 ﾠfor	 ﾠpublication.	 ﾠ
	 ﾠ
A	 ﾠ very	 ﾠ short	 ﾠ proportion	 ﾠ of	 ﾠ the	 ﾠ PhD	 ﾠ research	 ﾠ was	 ﾠ conducted	 ﾠ on	 ﾠ the	 ﾠ total	 ﾠ synthesis	 ﾠ of	 ﾠ
angelicastigmin,	 ﾠwhich	 ﾠultimately	 ﾠwas	 ﾠfruitless.	 ﾠ	 ﾠWe	 ﾠfeel	 ﾠfurther	 ﾠresearch	 ﾠinto	 ﾠthe	 ﾠtotal	 ﾠsynthesis	 ﾠis	 ﾠ
warranted	 ﾠ–	 ﾠeither	 ﾠusing	 ﾠa	 ﾠTamaru-ﾭ‐inspired	 ﾠallylative	 ﾠcyclization	 ﾠapproach	 ﾠas	 ﾠdetailed	 ﾠin	 ﾠchapter	 ﾠ3,	 ﾠ
or	 ﾠone	 ﾠof	 ﾠthe	 ﾠalternative	 ﾠapproaches	 ﾠalso	 ﾠdiscussed	 ﾠin	 ﾠthe	 ﾠfuture	 ﾠwork	 ﾠsection.	 ﾠOur	 ﾠresearch	 ﾠ
group	 ﾠremains	 ﾠengaged	 ﾠin	 ﾠthis	 ﾠarea.	 ﾠ
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Chapter	 ﾠ5	 ﾠ
EXPERIMENTAL	 ﾠPROCEDURES	 ﾠ
 
1. Experimental Procedures for Chapter 1 
1.1 General 
All  reagents  were  used  directly  as  received  from  commercial 
suppliers unless otherwise stated. When dry solvents were required, 
CH2Cl2  was  distilled  from  CaH;  anhydrous  THF,  DMF  and  MeCN  were 
purchased  from  Sigma-Aldrich.    Reactions  were  conducted  at  rt 
unless  otherwise  stated,  and  monitored  by  thin  layer 
chromatography using pre-coated aluminium backed sheets of silica 
and  visualised  with  UV  light  and  a  potassium  permanganate  or 
cerium sulfate stain. Column chromatography was carried out using 
MN  Kieselgel  60,  0.04-0.063  mm  230-400  mesh  ASTM  silica  gel.  
Melting  points  were  determined  using  an  Electrothermal  melting 
point  apparatus  and  are  uncorrected.    Infrared  spectra  were 
recorded  using  a  Thermo  Nicolet  380  FT-IR  spectrometer  with  a 
Smart  Orbit  Golden  Gate  attachment.  Absorptions  are  reported  in 
wavenumbers (cm
-1).  NMR spectra were recorded on Bruker DPX-400 or 
Bruker  AV-300  spectrometers  in  the  solvents  indicated  at  298  K. 
Chemical  shifts  for  proton  and  carbon  spectra  are  reported  on 
the δ scale  in  ppm  and  were  referenced  to  residual  solvent 
references.  Multiplicities are described using the abbreviations 
s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; spt, 
septet;  m,  multiplet;  apt.,  apparent;  r,  roofing  and  br,  broad.  
Electrospray mass spectra were recorded using a Thermoquest Trace 
MS and Micromass Platform II single quadrupole mass spectrometer.  
High-resolution  mass  spectra  were  recorded  by  the  School  of 
Chemistry  Mass  spectrometry  Service  at  the  University  of 
Southampton  using  a  Bruker  Apex  III  FT-ICR  MS  coupled  to  an 
Appollo electrospray ionization source; and from the EPSRC NMSSC, 
University  of  Swansea,  using  a  Thermofisher  LTQ  Orbitrap  XL 
coupled to an Advion TriVersa NanoMate electrospray source. 
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1.2. General Procedures 
General Procedure 1 – Gabriel Reaction 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
imide (1.0 eq.), methoxyphenethyl bromide (1.2 eq.), K2CO3 (1.5 eq.) 
and anhydrous CH3CN (4 mL/mmol imide) and the system purged with 
N2/Ar.    The  reaction  mixture  was  heated  to  reflux  for  the 
specified time and concentrated in vacuo.  The resulting solid was 
dissolved  in  a  mixture  of  EtOAc  and  NaOH  (1M),  the  mixture 
transferred to a separatory funnel, the aqueous layer washed with 
EtOAc as required, the organic layers combined, dried over MgSO4, 
and  concentrated  in  vacuo.    Purification  on  silica  gel 
(petrol/EtOAc) afforded the desired imides as solids. 
 
General Procedure 2 – Condensation of Anhydride and Amine 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
anhydride  (1.0  eq.),  anhydrous  PhMe  (5  mL/mmol  anhydride),  2-
thiopheneethylamine (1.0 eq.) and (i-Pr)2NEt (0.20 eq.).  A Dean-
Stark reflux adapter was fitted, the system purged with Ar and the 
mixture  heated  to  reflux  for  the  specified  time.    The  reaction 
mixture  was  either  concentrated  in  vacuo  and  purified  on  silica 
gel  (petrol/EtOAc)  or  washed  with  sat.  aq.  NH4Cl  solution,  the 
organic layer dried over MgSO4 and concentrated in vacuo to afford 
the desired imides as yellow solids. 
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General Procedure 3 – Mitsunobu Reaction 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
imide (1.2 eq.), triphenylphosphine (1.2 eq.), anhydrous THF (3.5 
mL/mmol alcohol) and alcohol (1.0 eq.), purged with Ar and cooled 
to  0 
oC.    Slowly,  DEAD  or  DIAD  (1.2  eq.)  in  anhydrous  THF  (3.5 
mL/mmol  alcohol)  was  added  under  a  balloon  of  Ar,  the  reaction 
mixture brought slowly to rt and stirred for the specified time.  
The reaction mixture was concentrated in vacuo, dissolved in CH2Cl2 
transferred  to  a  separatory  funnel,  washed  with  1M  NaOH,  the 
organic layer washed with brine, dried over MgSO4 and concentrated 
in vacuo.  Recrystallization from Et2O and purification on silica 
gel (various eluent systems) afforded the desired imides as solids. 
 
General Procedure 4 – LiBHEt3 Reduction 
 
An  oven-dried  two-necked  round-bottomed  flask  was  purged  with  N2 
and  charged  with  a  magnetic  stirrer  bar,  imide  (1.0  eq.), 
anhydrous CH2Cl2 (10 mL/mmol imide) and cooled to -78 
oC.  LiBHEt3 
(1.0 eq.) was added dropwise via syringe and the reaction mixture 
stirred  for  the  specified  time.  The  reaction  mixture  was  slowly 
warmed to rt and sat. NaHCO3 solution (equal volume of CH2Cl2) was 
added  in  portions  via  syringe.    The  reaction  mixture  was 
transferred to a separatory funnel, the aqueous layer washed with 
CH2Cl2,  the  organic  layers  combined,  dried  over  Na2SO4  and 
concentrated in vacuo  and purified on silica gel  (EtOAc/petrol).  
Precipitation  in  a  stirring  solution  (EtOAc/petrol  1:4)  afforded 
the desired hydroxy lactams as solids. 
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General Procedure 5 – NaBH4 Reduction 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
imide  (1.0  eq.)  EtOH  (7.5  mL/mmol  imide)  and  CH2Cl2  (drops  to 
dissolve).    The  reaction  mixture  was  cooled  to  -10 
oC  and  NaBH4 
(1.5 eq.) added.  Periodically, EtOH
.HCl (2M) was added dropwise 
and upon completion of the reaction (as indicated by TLC), the pH 
of  the  reaction  mixture  was  adjusted  to  pH  5  with  EtOH
.HCl  (2M) 
and  quenched  with  H2O  (130%  initial  volume  of  EtOH).    EtOH  was 
removed  in  vacuo,  and  the  product  extracted  from  the  aqueous 
mixture with CH2Cl2.  The organic layers were combined, dried over 
Na2SO4  and  concentrated  in  vacuo  and,  if  required,  purified  on 
silica  gel  (EtOAc/petrol).  Precipitation  in a stirring solution 
(EtOAc/petrol 1:4) afforded the desired hydroxy lactams as solids. 
 
General Procedure 6 Intramolecular α-Amidoalkylations via Thermal 
Heating 
 
A  Reacti  Vial
®  was  charged  with  a  magnetic  stirrer  bar,  hydroxy 
lactam (ca. 10 mg) and solvent
* (0.35 mL) and placed in a heating 
block  at  the  corresponding  solvent  reflux  temperature.    Upon 
completion (as indicated by TLC), the reaction solvent was removed 
either in vacuo or on a silica plug.  Purification on silica gel 
(if  required)  afforded  the  desired  lactams  as  solids. 
*Solvent 
either xylene, TFE, HFIP or (CHCl2)2. 
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General  Procedure  7  Intramolecular  α-Amidoalkylations  via  µW 
Irradiation 
 
A microwave reaction vessel was charged with hydroxy lactam (ca. 
10  mg)  and  solvent
*  (0.35  mL)  and  heated  to  the  specified 
temperature at 300 W.  Upon completion (as indicated by TLC), the 
reaction solvent was removed either in vacuo or on a silica plug. 
Purification  on  silica  gel  (if  required)  afforded  the  desired 
lactams as solids. 
*Solvent either TFE, HFIP or (CHCl2)2. 
 
General  procedure  8  Intermolecular  α-Amidoalkylations  via  µW 
Irradiation 
 
A  microwave  reaction  vessel  was  charged  with  a  magnetic  stirrer 
bar,  nucleophile,  hydroxy  lactam,  and  (CHCl2)2  (0.35  mL/10  mg 
hydroxy  lactam)  added  and  heated  at  147 
oC  at  300  W.    Upon 
completion  (as  indicated  by  TLC)  the  reaction  mixture  was 
concentrated in vacuo to afford the desired lactams as oils. 
 
1.3. Diels-Alder Cycloadditions 
1.3.1.(3aR,4S,7R,7aS)-3a,4,7,7a-tetrahydro-1H-4,7-
methanoisoindole-1,3(2H)-dione (201) 
 
N
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A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
maleimide (1.051 g, 10.83 mmol, 1.0 eq.), Et2O (30 mL) and freshly 
cracked cyclopentadiene (1.5 mL, 17.84 mmol, 1.6 eq.) and stirred 
for  2  h.    The  white  precipitate  was  filtered  from  the  reaction 
mixture  and  washed  with  Et2O  to  afford  imide  201  as  a  white 
crystalline solid (1.453 g, 82%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
167 
 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 8.43 (1H, br s) 5; 6.18 (2H, 
s) 1; 3.37-3.29 (4H, m) 2, 3; 1.73 (1H, d, J = 8.8 Hz), 1.51 (1H, 
d, J = 8.8 Hz) 6. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 178.0, 4; 134.6, 1; 52.3, 6; 
47.3, 2; 44.9, 3. 
 
1.4. Imide Formations 
1.4.1. 2-(3,4-Dimethoxyphenethyl)isoindoline-1,3-dione (161) 
 
Using  general  procedure  3,  alcohol  164  (777  mg,  4.264  mmol,  1.0 
eq.),  phthalimide  (757  mg,  5.145  mmol,  1.2  eq.),  PPh3  (1.34  g, 
5.109  mmol,  1.2  eq.),  DIAD  (1.0  mL,  5.090  mmol,  1.2  eq.)  and 
anhydrous  THF  (14  mL)  were  stirred  at  0 
oC-rt  for  13  h.    The 
majority of imide 161 precipitated from the reaction mixture, and 
was  isolated  by  filtration  and  rinsed  with  Et2O  under  vacuum 
filtration.  The remaining imide 161 was isolated as described in 
NH
O
O
+
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OMe
OMe
N
O
O
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OMe 164
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PPh3, DIAD
THF, 0 oC-rt
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general  procedure  C  (silica  gel,  EtOAc/petrol  1:3),  to  afford 
imide 161 as a white solid (1.24 g, 94%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.85-7.69 (4H, m) 1, 2; 6.79-
6.75 (3H, m) 8, 11, 12; 3.94-3.89 (2H, m) 5; 3.85 (3H, s), 3.82 
(3H, s) 13,14; 2.95 (2H, dd, J=8.4, 7.0 Hz) 6. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 168.2, 4; 147.7, 9, 10; 133.9; 
132.1;  130.5;  123.2;  120.9;  111.9;  111.2;  55.83,  55.78,  13,14; 
39.3, 5; 34.1, 6. 
LRMS (ESI) m/z 375 [M + Na
+ + CH3CN]
+. 
 
1.4.2. 2-(3-Methoxyphenethyl)isoindoline-1,3-dione (162) 
 
Using  general  procedure  1,  phthalimide  (222  mg,  1.509  mmol,  1.5 
eq.),  3-methoxyphenethyl  bromide  158  (0.16  mL,  1.130  mmol,  1.0 
eq.), K2CO3 (247 mg, 1.787 mmol, 1.8 eq.) and anhydrous CH3CN (6 mL) 
were  stirred  at  reflux  for  48  h.  Purification  of  silica  gel 
(EtOAc/petrol  1:1)  afforded  imide  162  as  a  white  solid  (181  mg, 
63%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.86-7.83 (2H, m), 7.73-7.70 
(2H, m) 1, 2; 7.21 (1H, t, J = 7.9 Hz) 11; 6.87-6.76 (3H, m) 8, 10, 
12; 3.94 (2H, m) 5; 3.78 (3H, s) 13; 2.98 (2H, m) 6. 
 
1.4.3. 2-(3-(3,4-Dimethoxyphenyl)propyl)isoindoline-1,3-dione (177) 
  
Using general procedure 3, alcohol 175 (0.28 mL, 1.542 mmol, 1.0 
eq.),  phthalimide  (273  mg,  1.856  mmol,  1.2  eq.),  PPh3  (487  mg, 
1.857  mmol,  1.2  eq.),  DEAD  (0.38  mL,  2.422  mmol,  1.6  eq.)  and 
anhydrous  THF  (6  mL)  were  stirred  at  0 
oC-rt  for  24  h.  
Purification  on  silica  gel  (EtOAc/petrol  1:3,  then 
CH2Cl2/petrol/MeOH  100:20:1)  afforded  imide  177  as  a  white  solid 
(279 mg, 56%). 
 
MP 74-80 
oC.   
IR (v, cm
-1) 2937, 1769, 1703, 1590, 1514. 
1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  7.85–7.79  (2H,  m)  2;  7.73–
7.67 (2H, m) 1; 6.73 (3H, m) 9, 12, 13; 3.88 (3H, s), 3.81 (3H, s) 
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Molecular Weight: 281.31
NH
O
O
+
OMe
OMe
N
O
O 175
177
PPh3, DEAD
THF, 0 oC-rt HO OMe
OMe 159
1 1
2 2
3 3
3 3
2 2
1 1
4 4
N
8 8 4 4
O
10 10
O
11 11
5 5
6 6 7 7
8 8
13 13
12 12
11 11
10 10
9 9
OMe 14 14
OMe
15 15
Chemical Formula: C19H19NO4
Molecular Weight: 325.36  125	 ﾠ
14, 15; 3.75 (2H, t, J=7.1 Hz) 5; 2.64 (2H, t, J=7.7 Hz) 7; 2.03 
(2H, quin, J=7.3 Hz) 6. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 168.4, 4; 148.7; 147.1; 133.8; 
133.5; 132.1; 123.1; 120.0; 111.5; 111.1; 55.8, 55.7, 14, 15; 37.7, 
5; 32.7, 7; 29.7, 6. 
LRMS (ESI) m/z 389 [M + CH3CN + Na
+]
+; 673 [2M + Na
+]
+. 
 
1.4.4. 2-(3,4-Dimethoxybenzyl)isoindoline-1,3-dione (178) 
 
Using general procedure 3, alcohol 176 (0.50 mL, 3.448 mmol, 1.0 
eq.),  phthalimide  (609  mg,  4.139  mmol,  1.2  eq.),  PPh3  (1.08  g, 
4.121  mmol,  1.2  eq.),  DIAD  (1.0  mL,  5.094  mmol,  1.2  eq.)  and 
anhydrous  THF  (14  mL)  were  stirred  at  0 
oC-rt  for  15  h.  
Purification  on  silica  gel  (CH2Cl2/petrol/MeOH  60:40:1)  afforded 
imide 178 as a white solid (423 mg, 41%). 
 
MP 149-150 
oC. 
IR (v, cm
-1) 1710, 1515. 
1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  7.82-7.76  (2H,  m)  2;  7.68-
7.62 (2H, m) 1; 7.01-6.97 (2H, m) 10, 11; 6.79-6.76 (1H, d, J=8.7 
Hz) 7; 4.74 (2H, s) 5; 3.85 (3H, s), 3.81 (3H, s) 12, 13. 
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Chemical Formula: C17H15NO4
Molecular Weight: 297.31	 ﾠ 126	 ﾠ
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.9, 4; 148.8; 148.5; 133.8; 
131.9; 128.9; 123.1; 121.1; 111.9; 110.9; 55.7, 41.3 12, 13. 
LRMS (ESI) m/z 393 [M + Na
+ + MeOH + MeCN]
+. 
 
1.4.5. 2-(2-(Thiophen-2-yl)ethyl)isoindoline-1,3-dione (189) 
 
Using general procedure 2, phthalic anhydride (510 mg, 3.443 mmol, 
1.0  eq.),  2-thiopheneethylamine  (187)  (0.40  mL,  3.418  mmol,  1.0 
eq.),  Et3N  (95  µL,  0.6816  mmol,  0.20  eq.)  and  PhMe  (18  mL)  were 
stirred at reflux for 16 h.  Aqueous work up afforded imide 189 as 
an orange/yellow solid (605 mg, 68%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
68 
 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.95-7.61 (4H, m) 1, 2; 7.15 
(1H, dd, J=5.1, 1.1 Hz) 8; 6.95-6.82 (2H, m) 9, 10; 3.98 (2H, t, 
J=7.5 Hz) 5; 3.24 (2H, t, J=7.3 Hz) 6. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 168.1, 4); 140.0; 134.0; 132.0; 
127.0; 125.6; 124.1; 123.3; 39.3, 5; 28.6, 6. 
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Chemical Formula: C14H11NO2S
Molecular Weight: 257.31  127	 ﾠ
1.4.6. 1-(3,4-Dimethoxyphenethyl)pyrrolidine-2,5-dione (163) 
 
Using general procedure 2, alcohol 164 (144 mg, 0.7903 mmol, 1.0 
eq.), succinimide (99.0 mg, 0.9991 mmol, 1.0 eq.), PPh3 (256 mg, 
0.9760  mmol,  1  eq.),  DIAD  (0.19  mL,  0.9650  mmol,  1.0  eq.)  and 
anhydrous THF (3 mL) were stirred at rt for 4 h.  Purification on 
silica gel (EtOAc/petrol 1:1) afforded imide 163 as a white solid 
(125 mg, 60%). 
Spectroscopic data are consistent with that reported in the 
literature.
169 
 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 6.94-6.51 (3H, m) 6, 9, 10; 
3.83 (3H, s), 3.81 (3H, s) 11, 12; 3.74-3.61 (2H, m) 4; 2.92-2.73 
(2H, m) 3; 2.61 (4H, s) 1. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 176.9, 2; 148.7, 147.6, 7, 8; 
130.1,  5;  120.7;  111.8;  111.1;  55.7,  11,  12;  39.8,  3;  32.9,  4; 
27.9, 1. 
 
1.4.7. 1-(2-(Thiophen-2-yl)ethyl)pyrrolidine-2,5-dione (190) 
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Chemical Formula: C14H17NO4
Molecular Weight: 263.29
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 ﾠ
Using general procedure 2, succinic anhydride (289 mg, 2.888 mmol, 
1.0  eq.),  2-thiopheneethylamine  (186)  (0.40  mL,  3.418  mmol,  1.2 
eq.),  Et3N  (80  µL,  0.5740  mmol,  0.20  eq.)  and  PhMe  (12  mL)  were 
stirred  at  reflux  for  18  h.    Purification  on  silica  gel 
(EtOAc/petrol 1:1) afforded imide 1190 as a yellow solid (366 mg, 
61%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.14 (1H, dd, J=5.1, 1.1 Hz) 
6; 6.92 (1H, dd, J=5.1, 3.7 Hz), 6.84 (1H, dd, J=3.3, 0.7 Hz) 7, 8; 
3.78 (2H, t, J=7.5 Hz) 3; 3.12 (2H, t, J=7.5 Hz) 4; 2.67 (4H, apt. 
s) 1. 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  176.8,  2;  139.7,  5;  126.9, 
125.6, 124.1, 6, 7, 8; 39.9, 3; 28.0, 1; 27.4, 4. 
 
1.4.8. (3aR,4S,7R,7aS)-2-(3,4-dimethoxyphenethyl)-3a,4,7,7a-
tetrahydro-1H-4,7-methanoisoindole-1,3(2H)-dione (202) 
 
Using general procedure 1, imide 201 (490 mg, 3.003 mmol, 1.0 eq.), 
3,4-dimethoxyphenethyl bromide 157 (902 mg, 3.680 mmol, 1.2 eq.), 
K2CO3  (635  mg,  4.594  mmol,  1.5  eq.)  and  anhydrous  CH3CN  (12  mL) 
were  stirred  at  reflux  for  72  h.    Purification  on  silica  gel 
(EtOAc/petrol  1:2)  afforded  imide  202  as  a  white  solid  (663  mg, 
67%). 
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Chemical Formula: C10H11NO2S
Molecular Weight: 209.26
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Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d)  δ ppm 6.80-6.74 (3H, m) 9, 12, 13; 
5.98 (2H, apt. s) 4; 3.88 (3H, s), 3.85 (3H, s) 14, 15; 3.57 (2H, 
t, J=7.7 Hz) 6; 3.36 (2H, apt. br s) 3; 3.22 (2H, dd, J=2.6, 1.5 
Hz) 1; 2.70 (2H, t, J=8.1 Hz) 7; 1.71 (1H, d, J=9.2 Hz) 5; 1.52 
(1H, d, J=8.8 Hz) 5. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 177.6, 2; 148.8, 147.7, 10, 11; 
134.3, 4; 130.3, 8; 120.8, 13; 111.9, 111.1, 9, 12; 55.8, 14, 15; 
52.1, 5; 45.7, 44.8, 1, 3; 39.4, 6; 33.2, 7. 
LRMS (ESI) m/z 328 (M + H
+). 
 
1.5. Hydroxy Lactam Formations 
1.5.1. 2-(3,4-Dimethoxyphenethyl)-3-hydroxyisoindolin-1-one (164) 
 
Using general procedure 5, imide 161 (620 mg, 1.991 mmol, 1.0 eq.), 
NaBH4 (113 mg, 2.987 mmol, 1.5 eq.) and EtOH (18 mL) were stirred 
at  -10 
oC  for  45  min.    Purification  on  silica  gel  (EtOAc/petrol 
1:3)  and  precipitation  afforded  hydroxy  lactam  164  as  a  white 
solid (552 mg, 89%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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Chemical Formula: C19H21NO4
Molecular Weight: 327.37
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.64-7.34 (4H, m) 1, 2, 3, 6; 
6.84-6.58 (3H, m) 13, 16, 17; 5.45 (1H, d, J=11.7 Hz) 7; 3.83 (3H, 
s, 3.75 (3H, s) 18, 19; 3.58-3.43 (2H, m) 10; 3.49 (1H, d, J=11.7 
Hz) 9; 2.87 (2H, td, J=7.3, 2.9 Hz) 11. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.4, 8; 148.8, 147.6, 14, 15; 
143.8; 132.2; 131.4; 131.2; 129.7; 123.3, 123.1, 3, 6; 120.6, 17; 
111.8, 111.3 13, 16; 82.2, 7; 55.8, 55.7, 18, 19; 40.8, 10; 33.9, 
11. 
 
1.5.2. 3-Hydroxy-2-(3-methoxyphenethyl)isoindolin-1-one (165) 
 
Using  general  procedure  5,  imide  162  (281  mg,  0.9989  mmol,  1.0 
eq.),  NaBH4  (114  mg,  3.013  mmol,  3.0  eq.)  and  EtOH  (25  mL)  were 
stirred  at  -10 
oC  for  45  min.    Purification  on  silica  gel 
(EtOAc/petrol  1:2)  and  precipitation  afforded  hydroxy  lactam  165 
as a white solid (220 mg, 78%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.57-7.53 (3H, m), 7.43-7.37 
(1H, m) 1, 2, 3, 6; 7.16 (1H, t, J=7.7 Hz) 16; 6.97-6.71 (3H, m) 
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Chemical Formula: C18H19NO4
Molecular Weight: 313.35
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Chemical Formula: C17H17NO3
Molecular Weight: 283.32  131	 ﾠ
13, 15, 17; 5.51 (1H, d, J=11.0 Hz) 7; 3.78 (1H, d, J=11.3 Hz) 9; 
3.74-3.64 (1H, m) 10; 3.72 (3H, s) 18; 3.57-3.48 (1H, m) 10; 2.89 
(2H, apt. m) 11. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.4, 8; 159.7, 14; 143.9, 
140.3, 4/5/12; 132.2; 131.4, 4/5/12; 129.7; 129.5; 123.3, 123.1, 3, 
6; 121.0; 114.2, 112.1, 13, 15; 82.1, 7; 55.1, 18; 40.6, 10; 24.5, 
11. 
 
1.5.3. 2-(3-(3,4-Dimethoxyphenyl)propyl)-3-hydroxyisoindolin-1-one 
(179) 
 
Using  general  procedure  4,  imide  177  (102  mg,  0.3135  mmol,  1.0 
eq.), LiBHEt3 (0.37 mL of 1M solution, 0.3700 mmol, 1.2 eq.) and 
anhydrous  CH2Cl2  (3  mL)  were  stirred  at  -78 
oC  for  1  h.  
Purification  on  silica  gel  (EtOAc/petrol  1:1)  and  precipitation 
afforded hydroxy lactam 179 as a white solid (61.0 mg, 59%). 
 
MP 131-133 
oC. 
IR (v, cm
-1) 3325, 2934, 1677, 1515. 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.59-7.50 (3H, m), 7.39 (1H, 
apt. td, J=7.3, 1.2 Hz) 1, 2, 3, 6; 6.75-6.67 (3H, m) 14, 17, 18; 
5.70 (1H, d, J=11.7 Hz) 7; 3.96 (1H, d, J=11.7 Hz) 9; 3.83 (3H, s), 
3.81 (3H, s) 19, 20; 3.44 (1H, dt, J=14.0, 7.6 Hz), 3.26 (1H, dt, 
J=13.8,  6.9  Hz)  10;  2.55  (2H,  t,  J=7.7  Hz)  12;  1.89  (2H,  quin, 
J=7.7 Hz) 11. 
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Chemical Formula: C19H21NO4
Molecular Weight: 327.37	 ﾠ 132	 ﾠ
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.5, 8; 148.7, 147.1, 15, 16; 
143.8, 4; 133.9, 5/13; 132.1, 1/2; 131.3, 5/13; 129.6, 1/2; 123.2, 
123.0, 3, 6; 120.0, 18; 111.6, 111.2 14, 17; 81.6, 7; 55.8, 55.7, 
19, 20; 38.8, 10; 32.8, 12; 29.8, 11. 
LRMS (ESI) m/z 328 [M + H]
+; 350 [M + Na]
+; 391 [M + Na + MeCN]
+; 
677 [2M + Na]
+; 1005 [3M + Na]
+. 
HRMS  (ESI)  m/z  C19H21O4N1Na1  [M  +  Na]
+  calcd.  350.1363,  found 
350.1369. 
 
1.5.4. 2-(3,4-Dimethoxybenzyl)-3-hydroxyisoindolin-1-one (180) 
 
Using general procedure 4, imide 178 (421 mg, 1.416 mmol, 1.0 eq.), 
LiBHEt3 (1.7 mL of 1M solution, 1.700 mmol, 1.2 eq.) and anhydrous 
CH2Cl2  (10  mL)  were  stirred  at  -78 
oC  for  1  h.    Purification  on 
silica  gel  (EtOAc/petrol  1:3)  and  precipitation  afforded  hydroxy 
lactam 180 as a white solid (259 mg, 61%). 
 
MP 127-130 
oC.  
IR (v, cm
-1) 1711, 1515. 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.63 (1H, apt. d, J=7.3 Hz) 6; 
7.59-7.53  (2H,  m)  1,  3;  7.45  (1H,  ddd,  J=7.4,  6.2,  2.2  Hz)  2; 
6.90-6.76 (2H, m), 6.78 (1H, d, J=8.0 Hz) 12, 15, 16; 5.60 (1H, d, 
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J=11.7 Hz) 7; 4.80 (1H, d, J=14.6 Hz) 9; 4.18 (1H, d, J=14.3 Hz) 
10; 3.83 (3H, s), 3.82 (3H, s) 17, 18; 3.61 (1H, d, J=11.7 Hz) 10. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.2, 8; 149.1, 148.5, 13,14; 
143.9, 4; 133.9, 5/11; 132.3, 1/2; 131.3, 5/11; 129.8, 1/2; 129.4, 
5/11; 123.4, 123.3, 3, 6; 121.0, 16; 111.8, 111.1, 12, 15; 80.9, 7; 
55.9, 17, 18; 42.5, 10. 
LRMS (ESI) 363 [M + Na
+ + CH3CN]
+; 621 [2M + Na
+]
+; 921 [3M + Na
+]
+. 
 
1.5.5. 3-Hydroxy-2-(2-(thiophen-2-yl)ethyl)isoindolin-1-one (192) 
 
Using general procedure 5, imide 189 (499 mg, 1.939 mmol, 1.0 eq.), 
NaBH4 (114 mg, 3.013 mmol, 1.5 eq.) and EtOH (18 mL) were stirred 
at -10 
oC for 1 h.  Purification on silica gel (EtOAc/petrol 1:3) 
and  precipitation  afforded  hydroxy  lactam  192  as  a  pale  yellow 
solid (402 mg, 82%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.74-7.37 (4H, m) 1, 2, 3, 6; 
7.13  (1H,  dd,  J=5.1,  1.1  Hz)  13;  6.90  (1H,  dd,  J=5.1,  3.3  Hz), 
6.82 (1H, dd, J=3.5, 0.9 Hz) 14, 15; 5.55 (1H, d, J=10.6 Hz) 7; 
3.83-3.67 (1H, m), 3.67-3.52 (1H, m) 10; 3.26 (1H, d, J=11.0 Hz) 9; 
3.17 (2H, td, J=7.2, 1.6 Hz) 11. 
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Chemical Formula: C14H13NO2S
Molecular Weight: 259.32	 ﾠ 134	 ﾠ
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.4, 8; 143.8; 141.0; 132.3; 
131.3; 129.8; 127.0; 125.4; 124.0; 123.3; 123.2; 82.2, 7; 41.0, 10; 
28.6, 11. 
 
1.5.6. 1-(3,4-Dimethoxyphenethyl)-5-hydroxypyrrolidin-2-one (166) 
 
Using  general  procedure  4,  imide  163  (129  mg,  0.4900  mmol,  1.0 
eq.), LiBHEt3 (0.50 mL of 1M solution, 0.5000 mmol, 1.0 eq.) and 
anhydrous  CH2Cl2  (7  mL)  were  stirred  at  -78 
oC  for  45  min.  
Purification  on  silica  gel  (CH2Cl2/MeOH  95:5)  and  precipitation 
afforded hydroxy lactam 166 as a white solid (92 mg, 71%). 
 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 6.83-6.75 (3H, m) 9, 12, 13; 
4.98 (1H, m) 3; 3.88 (3H, s), 3.87 (3H, s) 14, 15; 3.71 (1H, dt, 
J=14.0, 7.1 Hz) 6; 3.45 (1H, dt, J=14.1, 7.2 Hz) 6; 2.87 (2H, t, 
J=7.0 Hz) 7; 2.56 (1H, m) 2; 2.29 (2H, m) 1; 1.82 (1H, m) 2. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 174.7, 4; 148.9, 147.6, 10, 11; 
131.4, 8; 120.6, 13; 111.9, 111.3, 9, 12; 83.7, 3; 55.9, 14, 15; 
41.7, 6; 33.6, 7; 28.8, 28.4, 1, 2. 
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Chemical Formula: C14H19NO4
Molecular Weight: 265.30  135	 ﾠ
1.5.7. 5-Hydroxy-1-(2-(thiophen-2-yl)ethyl)pyrrolidin-2-one (193) 
 
Using  general  procedure  4,  imide  190  (145  mg,  0.6929  mmol,  1.0 
eq.), LiBHEt3 (0.70 mL of 1M solution, 0.7000 mmol, 1.0 eq.) and 
anhydrous  CH2Cl2  (7  mL)  were  stirred  at  -78 
oC  for  45  min.  
Purification  on  silica  gel  (EtOAc/petrol  1:2)  and  precipitation 
afforded hydroxy lactam 193 as a white solid (92 mg, 63%). 
 
MP 72-74 
oC. 
IR (v, cm
-1) 3099, 2924, 2849, 1683. 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.15 (1H, dd, J=5.1, 1.1 Hz) 
9;  6.93  (1H,  dd,  J=5.0,  3.5  Hz)  10;  6.84  (1H,  d,  J=3.0  Hz)  11; 
5.02 (1H, td, J=7.0, 1.8 Hz) 3; 3.72 (1H, tt, J=10.5, 6.9 Hz) 6; 
3.64 (1H, d, J=8.0 Hz) 5; 3.45 (1H, tt, J=10.5, 6.9 Hz) 6; 3.19-
3.03 (2H, m, 7); 2.52 (1H, m) 2; 2.27 (2H, m) 2, 3/5; 1.88 (1H, m) 
3/5. 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  175.0,  4;  141.2,  8;  127.0, 
125.3, 123.9, 10, 11, 12; 83.7, 3; 41.9, 6; 28.8, 28.3, 28.2, 1, 2, 
7. 
HRMS  (ESI)  m/z  Calcd.  for  C10H11NOS  [M  +  Na]
+:  216.0459.  Found: 
216.0459. 
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Chemical Formula: C10H13NO2S
Molecular Weight: 211.28	 ﾠ 136	 ﾠ
1.5.8. (3S,3aR,4S,7R,7aS)-2-(3,4-dimethoxyphenethyl)-3-hydroxy-
2,3,3a,4,7,7a-hexahydro-1H-4,7-methanoisoindol-1-one (203) 
 
Using  general  procedure  4,  imide  202  (297  mg,  0.9072  mmol,  1.0 
eq.), LiBHEt3 (0.92 mL of 1M solution, 0.9200 mmol, 1.0 eq.) and 
anhydrous  CH2Cl2  (6  mL)  were  stirred  at  -78 
oC  for  45  min.  
Purification  on  silica  gel  (EtOAc/petrol  2:1)  and  precipitation 
afforded hydroxy lactam 203 as a white solid (175 mg, 59%). 
 
MP 172-174 
oC. 
IR (v, cm
-1) 3272, 2938, 2360, 2340, 1650, 1515. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 6.79-6.72 (3H, m) 14, 17, 18; 
6.14 (2H, apt. t, J=1.8 Hz) 6, 7; 4.96 (1H, dd, J=10.0, 7.5 Hz) 3; 
3.86 (3H, s), 3.85 (3H, s) 19, 20; 3.50-3.43 (1H, m) 11; 3.39-3.32 
(1H, m) 11; 3.27 (1H, br dt, J=2.8, 1.6 Hz) 5/8; 3.12-3.08 (1H, m) 
1; 3.04 (1H, br dd, J  = 3.5, 2.0 Hz)  5/8; 3.00-2.95 (1H, m)  2; 
2.85 (2H, m) 12; 2.13 (1H, d, J=9.8 Hz) 10; 1.58 (1H, dt, J=8.5, 
1.6 Hz), 1.40 (1H, d, J=8.3 Hz) 9. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 173.6, 4; 148.8, 147.5, 15, 16; 
135.8,  134.1  6,  7;  131.5,  13;  120.7,  18;  112.0,  111.1,  14,  17; 
82.8, 3; 55.8, 19, 20; 52.1, 49.6, 45.7, 44.4, 43.1, 1, 2, 5, 8, 9; 
41.5, 11; 33.4, 12. 
LRMS (ESI) m/z 312 [M – OH
-]
+; 330 [M + H]
+; 352 [M + Na
+]
+; 393 [M 
+ CH3CN + Na
+]
+; 682 [2M + Na
+]
+. 
HRMS (ESI) m/z C19H23O4NNa [M + Na]
+ calcd. 352.1519, found 352.1528. 
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14 14 15 15
16 16
17 17 18 18 O
18 18
OH
10 10
OMe 20 20
OMe
19 19
9 9 Chemical Formula: C19H23NO4
Molecular Weight: 329.39  137	 ﾠ
1.5.9. 2-Allyl-3-hydroxyisoindolin-1-one (206) 
 
Using  general  procedure  5,  N-allyl  phthalimide  (205)  (374  mg, 
1.998 mmol, 1.0 eq.), NaBH4 (115 mg, 3.040 mmol, 1.5 eq.) and EtOH 
(15 mL) were stirred at -10 
oC for 45 min.  Concentration in vacuo 
afforded hydroxy lactam 206 as colourless crystals (378 mg, 100%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
19 
 
1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.71-7.31 (4H, m) 1, 2, 3, 6; 
5.89-5.51 (2H, m) 7, 11; 5.29-4.98 (2H, m) 12; 4.88-4.57 (1H, m) 9; 
4.02 (1H, dd, J=15.4, 4.8 Hz) 10; 3.68 (1H, dd, J=15.7, 7.3 Hz) 10. 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  167.3,  8;  144.0,  4;  132.3, 
132.2, 2, 11; 131.0, 5; 129.4, 1; 123.3, 123.0, 3, 6; 117.8, 12; 
81.0, 7; 41.2, 10. 
 
1.6. Thermally-Promoted Intramolecular α-Amidoalkylations 
1.6.1. 2,3-Dimethoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-
8(12bH)-one (1.154A) 
 
N
O
O
N
O
OH
NaBH4, EtOH.HCl
EtOH, -10 oC
205 206
2 2
3 3
4 4
5 5
6 6
1 1
7 7
N
8 8 8 8
O
10 10
OH
9 9
10 10
11 11
12 12
Chemical Formula: C11H11NO2
Molecular Weight: 189.21
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1.6.1.1. 2,3-Dimethoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-
8(12bH)-one (168) in (CHCl2)2 
Using general procedure 6, hydroxy lactam 164 (10.1 mg, 32.23 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  45  min.  
Concentration in vacuo and purification on silica gel (1% MeOH in 
CH2Cl2) afforded lactam 168 as a white solid (9.0 mg, 95%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.89 (1H, d, J=7.3 Hz), 7.84 
(1H,  d,  J=7.7  Hz)  11,  14;  7.62  (1H,  t,  J=7.5  Hz),  7.50  (1H,  t, 
J=7.3 Hz) 12, 13; 7.13 (1H, s), 6.67 (1H, s) 15, 18; 5.64 (1H, s) 
6; 4.50 (1H, ddd, J=13.2, 3.3, 2.2 Hz) 2; 3.94 (3H, s), 3.86 (3H, 
s) 19, 20); 3.49-3.34 (1H, m) 2; 3.11-2.90 (1H, m), 2.78 (1H, dt, 
J=15.7, 3.8 Hz) 3. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.9, 9; 148.4, 147.9, 16, 17; 
144.6,  7;  132.8,  8;  131.6,  128.4,  12,  13;  126.9,  126.0,  4,  5; 
124.0, 123.0, 11, 14; 112.0, 108.7, 15, 18; 59.0, 6; 56.2, 55.9, 
19, 20; 38.2, 2; 29.1, 3. 
 
1.6.1.2. 2,3-Dimethoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-
8(12bH)-one (168) in xylene 
Using general procedure 6, hydroxy lactam 164 (9.3 mg, 31.49 µmol) 
and  xylene  (0.35  mL)  were  stirred  at  139 
oC  for  105  min.  
Concentration in vacuo afforded lactam 168 as a white solid (9.2 
mg, 99%). 
Spectroscopic data as for 1.6.1.1 
   139	 ﾠ
1.6.2. 2,3-Dimethoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-
8(12bH)-one (169) 
 
Using general procedure 6, hydroxy lactam 165 (10.0 mg, 35.30 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  4  h.  
Concentration in vacuo afforded lactam 169 as a white solid (9.3 
mg, >99%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  7.95-7.77  (2H,  m)  11,  14; 
7.63-7.47 (3H, m) 12, 13, 18 6.84 (1H, dd, J=8.6, 2.7 Hz) 17; 6.73 
(1H, d, J=2.6 Hz) 15; 5.63 (1H, s) 6; 4.44 (1H, ddd, J=12.8, 5.9, 
4.4 Hz) 2; 3.79 (3H, s) 19; 3.48 (1H, ddd, J=13.2, 9.5, 4.8 Hz) 2; 
3.06 (1H, ddd, J=15.4, 9.1, 5.5 Hz), 2.86 (1H, dt, J=15.7, 4.8 Hz) 
3. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 167.9, 9; 158.7, 16; 144.5, 
136.1, 132.7, 4, 7, 8; 131.5, 128.4, 12, 13; 126.5, 18; 126.2, 17; 
123.8,  123.3,  11,  14;  114.0,  112.8,  15,  17;  58.8,  6;  55.3,  19; 
38.1, 2; 29.7, 3. 
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1.6.3. 2,3-Dimethoxy-6,7-dihydro-5H-benzo[3,4]azepino[2,1-
a]isoindol-9(13bH)-one (181) 
 
Using general procedure 6, hydroxy lactam 179 (10.4 mg, 31.77 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  105  min.  
Concentration  in  vacuo  and  purification  on  silica  gel  afforded 
lactam 181 as a white solid (9.4 mg, 96%). 
 
MP 97-99 
oC 
IR (v, cm
-1) 2938, 1687, 1610. 
1H  NMR  (300  MHz,  CHLOROFORM-d) δ  ppm  7.91  (1H,  d, J=7.5 Hz)  18; 
7.69-7.40  (3H,  m)  15,  16,  17;  6.82  (1H,  s),  6.65  (1H,  s)  3,  6; 
5.69 (1H, s) 7; 4.35 (1H, ddd, J=13.9, 6.4, 2.6 Hz) 9; 3.87 (3H, 
s), 3.85 (3H, s) 20, 21; 3.36 (1H, ddd, J=14.3, 10.5, 6.0 Hz) 9; 
2.68 (2H, dd, J=7.2, 5.7 Hz) 11; 2.27-2.07 (1H, m) 10; 1.91 (1H, 
dqd, J=13.6, 6.9, 6.9, 6.9, 2.6 Hz) 10. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 168.9 14; 148.4, 147.4 4, 5; 
144.3,  12; 132.5,  132.3,  1, 13; 131.4,  128.4,  16, 17; 126.7,  2; 
123.9, 123.1, 15, 18; 113.9, 111.4, 3, 6; 65.5, 7; 56.2, 55.9, 20, 
21; 41.0, 9; 31.1, 11; 25.6, 10. 
LRMS (ESI) m/z 310 [M + H]
+; 373 [M + CH3CN + Na
+]
+; 641 [2M + Na
+]
+; 
951 [3M + Na
+]
+. 
HRMS (ESI) m/z C19H19NO3Na [M + Na]
+ calcd. 332.1263, found 332.1268. 
N
O
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OMe N
O
OMe
OMe
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179
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1.6.4. 4,5-Dihydrothieno[3',2':3,4]pyrido[2,1-a]isoindol-7(11bH)-
one (195) 
 
1.6.4.1. 4,5-Dihydrothieno[3',2':3,4]pyrido[2,1-a]isoindol-
7(11bH)-one (195) in (CHCl2)2 
Using general procedure 6, hydroxy lactam 192 (10.2 mg, 39.33 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  1  h.  
Concentration in vacuo afforded lactam 195 as an off white solid 
(9.6 mg >99%). 
Spectroscopic data as for 1.7.4 
 
1.6.4.2. 4,5-Dihydrothieno[3',2':3,4]pyrido[2,1-a]isoindol-
7(11bH)-one (195) in xylene 
Using general procedure 6, hydroxy lactam 192 (10.4 mg, 40.10 µmol) 
and  xylene  (0.35  mL)  were  stirred  at  139 
oC  for  6  h.  
Concentration  in  vacuo  and  purification  on  silica  gel  afforded 
lactam 195 as an off white solid (8.7 mg, 90%) 
Spectroscopic data as for 1.7.4. 
 
1.6.5. 8,9-Dimethoxy-1,2,5,6-tetrahydropyrrolo[2,1-a]isoquinolin-
3(10bH)-one (170) 
 
Using  general  procedure  6,  hydroxy  lactam  166  (40.3  mg,  0.151.9 
µmol)  and  (CHCl2)2  (0.20  mL)  were  stirred  at  147 
oC  for  2  h.  
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Concentration  in  vacuo  and  purification  on  silica  gel  afforded 
lactam 170 as a white solid (30.1 mg, 80%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 6.62 (1H, s), 6.57 (1H, s) 11, 
14; 4.73 (1H, t, J=7.7 Hz) 6; 4.37-4.25 (1H, m) 2; 3.87 (3H, s), 
3.86 (3H, s) 15, 16; 3.10-2.80 (2H, m) 2, 8; 2.74-2.39 (4H, m, 3, 
7, 8); 1.93-1.72 (1H, m) 7. 
13C NMR (75 MHz, CHLOROFORM-d) δ = 173.3, 9; 148.1, 147.9, 12, 13; 
129.3, 125.5, 4, 5; 111.6, 107.6, 11, 14; 56.3, 56.0, 55.9, 6, 15, 
16; 37.0, 2; 31.7, 8; 28.0, 27.7, 3, 7. 
LRMS (ESI) m/z 270; [M + Na
+]
+. 
 
1.6.6. 4,5,9,9a-Tetrahydrothieno[2,3-g]indolizin-7(8H)-one (196) 
 
Using general procedure 6, hydroxy lactam 193 (9.7 mg, 50.19 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  3.5  h.  
Concentration  in  vacuo  and  purification  on  silica  gel  afforded 
lactam 196 as a pale yellow solid (8.9 mg, 92%). 
 
MP 72-74 
oC 
N
O
OH
N
O (CHCl2)2, Δ
193
196
S
S  143	 ﾠ
IR (v cm
-1) 3099, 2924, 2849, 1683. 
1H  NMR  (300  MHz,  CHLOROFORM-d) δ  ppm  7.19  (1H,  d, J=5.1  Hz)  11; 
6.82 (1H, d, J=5.1 Hz) 12; 4.74 (1H, t, J=7.5 Hz) 6; 4.49 (1H, td, 
J=6.7, 4.3 Hz)) 2; 3.13-2.76 (3H, m) 2, 3; 2.73-2.38 (3H, m) 7, 8; 
1.93-1.68 (1H, m) 7. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 173.6, 9; 135.9, 133.0, 8, 12; 
124.1, 123.4, 10, 11; 56.3, 6; 37.2, 2; 31.6, 8; 26.7, 7; 24.6, 3. 
HRMS (ESI) m/z C10H11NOSNa [M + Na]
+ calcd. 216.0459, found 216.0455. 
 
1.6.7. (8aR,9S,12R,12aS,12bR)-2,3-dimethoxy-5,6,8a,9,12,12a-
hexahydro-9,12-methanoisoindolo[1,2-a]isoquinolin-8(12bH)-one  (204) 
 
Using general procedure 6, hydroxy lactam 203 (10.0 mg, 30.37 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  1  h.  
Concentration  in  vacuo  and  purification  on  silica  gel  afforded 
lactam 204 as a white solid (8.5 mg, 90%). 
Spectroscopic data as for 1.7.6. 
 
1.7. µW-Promoted Intramolecular α-Amidoalkylations 
1.7.1. 2,3-Dimethoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-
8(12bH)-one (168) 
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Using general procedure 7, hydroxy lactam 164 (25.1 mg, 84.65 µmol) 
and  (CHCl2)2  (0.70  mL)  were  stirred  at  147 
oC  for  30  min.  
Concentration in vacuo afforded lactam 168 as a white solid (24.2 
mg, 97%). 
Spectroscopic data as for 1.6.1.1 
 
1.7.2. 3-Methoxy-5,6-dihydroisoindolo[1,2-a]isoquinolin-8(12bH)-
one (169) 
 
Using general procedure 7, hydroxy lactam 165 (23.0 mg, 82.59 µmol) 
and  (CHCl2)2  (0.70  mL)  were  stirred  at  147 
oC  for  55  min.  
Concentration in vacuo afforded lactam 169 as a white solid (21.9 
mg, >99%). 
Spectroscopic data as for 1.6.2 
 
1.7.3. 2,3-Dimethoxy-6,7-dihydro-5H-benzo[3,4]azepino[2,1-
a]isoindol-9(13bH)-one (181) 
 
Using general procedure 7, hydroxy lactam 179 (19.7 mg, 60.18 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  60  min.  
Concentration  in  vacuo  afforded  lactam  181  as  an  oil  (18.1  mg, 
97%). 
Spectroscopic data as for 5.6.3. 
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1.7.4. 4,5-Dihydrothieno[3',2':3,4]pyrido[2,1-a]isoindol-7(11bH)-
one (195) 
 
Using general procedure 7, hydroxy lactam 192 (10.2 mg, 39.33 µmol) 
and  (CHCl2)2  (0.35  mL)  were  stirred  at  147 
oC  for  38  min.  
Concentration  in  vacuo  afforded  lactam  195  as  an  oil  (9.5 
mg, >99%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 7.87 (1H, d, J=7.7 Hz), 7.76 
(1H, d, J=7.3 Hz) 14, 17; 7.60 (1H, td, J=7.5, 1.1 Hz), 7.48 (1H, 
t, J=7.3 Hz) 15, 16; 7.25 (1H, d, J=5.1 Hz), 7.21 (1H, d, J=5.1 Hz, 
11, 12); 5.65 (1H, s) 6; 4.82 (1H, ddd, J=13.2, 5.9, 1.1 Hz), 3.36 
(1H, ddd, J=13.3, 11.1, 4.9 Hz) 2; 3.13-2.78 (2H, m) 3. 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  167.9,  9;  144.2,  7;  134.2, 
132.3, 132.2, 4, 5, 8; 131.8, 128.4, 124.1, 123.9, 123.9, 122.8, 
11, 12, 14, 15, 16, 17; 58.7, 6; 37.7, 2; 25.3, 3. 
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1.7.5. 8,9-Dimethoxy-1,2,5,6-tetrahydropyrrolo[2,1-a]isoquinolin-
3(10bH)-one (170) 
 
Using general procedure 7, hydroxy lactam 166 (19 mg, 71.62 µmol) 
and  (CHCl2)2  (0.70  mL)  were  stirred  at  147 
oC  for  40  min.  
Concentration in vacuo afforded lactam 170 as a white solid (17.7 
mg, >99%). 
Spectroscopic data as for 1.6.5 
 
1.7.6. (8aR,9S,12R,12aS,12bR)-2,3-dimethoxy-5,6,8a,9,12,12a-
hexahydro-9,12-methanoisoindolo[1,2-a]isoquinolin-8(12bH)-one  (204) 
 
Using general procedure 7, hydroxy lactam 203 (21.3 mg, 68.41 µmol) 
and  (CHCl2)2  (0.70  mL)  were  stirred  at  147 
oC  for  38  min.  
Concentration in vacuo afforded lactam 204 as a white solid (21.7 
mg, >99%). 
 
MP decomp. 127 
oC 
IR (v, cm
-1) 2963, 1669, 1516. 
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm 6.67 (1H, s); 6.56 (1H, s) 15, 
18; 6.33 (1H, dd, J=5.7, 3.1 Hz), 6.26 (1H, dd, J=5.5, 2.6 Hz) 12, 
13; 4.23 (1H, d, J=7.0 Hz) 2; 4.05 (1H, d, J=2.9 Hz) 6; 3.91 (3H, 
s), 3.85 (3H, s) 19, 20; 3.30 (2H, br. s) 11, 14; 3.13 (1H, dd, 
J=9.5, 4.4 Hz) 8; 2.75-2.99 (3H, m) 2, 3, 7; 2.54 (1H, d, J=11.7 
Hz) 3; 1.70 (1H, apt. d, J=8.4 Hz), 1.49 (1H, apt. d, J=8.4 Hz) 21. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 173.1, 9; 148.0, 147.9, 16, 17; 
137.0,  134.2,  12, 13; 130.3,  125.7,  4, 5; 111.7,  107.7,  15, 18; 
59.5, 6; 56.1, 55.9, 19, 20; 51.4, 51.2, 46.5, 45.8, 44.5, 7, 8, 
11, 14, 21; 37.2, 11; 27.7, 12. 
LRMS (ESI) m/z 312 [M + H]
+; 375 [M + CH3CN + Na
+]
+; 645 [2M + Na
+]
+; 
957 [2M + Na
+]
+. 
HRMS  (ESI)  m/z  for  C19H21NO3  [M  +  Na]
+:  Calcd.  334.1414,  Found 
334.1428. 
 
1.8. µW-Promoted Intermolecular α-Amidoalkylations 
1.8.1 3-(2-Allyl-3-oxoisoindolin-1-yl)pentane-2,4-dione (212) 
Using general procedure 8, hydroxy lactam 206 (21.5 mg, 113.6 µmol, 
1.0 eq.), acetylacetone solution (0.25 mL of 0.5M solution in Et2O, 
125.0 µmol, 1.1 eq.) and (CHCl2)2 (0.70 mL) were stirred at 147 
oC 
for  30  min.    Concentration  in  vacuo  afforded  lactam  212  as  a 
mixture  of  keto-enol  tautomers  as  a  pale  yellow  oil  (33.1 
mg, >99%). 
 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature  for  1.161A,  with  the  exception  of  the  enol-keto 
tautomer ratio of 4:1 (this work) vs. 1:0.
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1H NMR (300 MHz, CHLOROFORM-d) δ ppm Major tautomer 1.161AENOL 7.90 
(1H, d, J=7.2 Hz) 3; 7.63-7.40 (2H, m) 1, 2; 7.37-7.29 (1H, m) 6; 
5.97-5.76 (1H, m) 12; 5.50 (1H, s) 7; 5.30-5.17 (2H, m) 13; 4.65 
(1H,  dt,  J=15.4,  1.9  Hz)  11;  3.56  (1H,  dd,  J=15.4,  7.5  Hz)  11; 
2.37 (3H, s) 20; 1.38 (3H, s) 17.  Minor tautomer 1.161AKETO 7.84 
(1H, d, J=7.2 Hz) 3’; 7.63-7.40 (3H, m) 1’, 2’, 6’; 5.97-5.76 (1H, 
m)  12’;  5.35  (1H,  d,  J=3.0  Hz)  7’;  5.14  (1H,  d,  J=1.1  Hz)  13’; 
4.65  (1H,  dt,  J=15.4,  1.9  Hz)  11’;  4.29  (1H,  d,  J=3.0  Hz)  14’; 
3.76 (1H, dd, J=15.8, 7.2 Hz) 11’; 2.12 (1H, s) 17’/20’; 1.92 (1H, 
s) 17’/20’. 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  Major  and  minor  tautomers 
202.3;  202.1;  197.6;  189.8;  168.4;  167.8;  145.0;  142.6;  133.3; 
132.7;  132.2;  132.1;  132.1  131.9;  128.9;  128.7;  124.0;  123.9; 
122.1;  118.3;  118.0;  105.1;  67.1;  57.9;  57.0;  43.5;  42.4;  31.1; 
30.8; 24.2; 22.8. 
 
1.8.2. 2-Allyl-3-(2-oxocyclohexyl)isoindolin-1-one (215) 
Using general procedure 8, hydroxy lactam 206 (21.1 mg, 111.5 µmol, 
1.0 eq.), cyclohexanone solution (0.35 mL of 1M solution in CH2Cl2, 
350 µmol, 3.0 eq.) and (CHCl2)2 (0.70 mL) were stirred at 147 
oC at 
300 W for 60 min.  Concentration in vacuo afforded lactam 215 as 
an  inseparable  mixture  of  diastereoisomers  as  an  oil  (30.1 
mg, >99%). 
 
N
O
OH
N
O
cyclohexanone (3 eq.)
(CHCl2)2, Δ, 300 W +
215cis
206
O
H
N
O
215trans
O
H  149	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Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature for 19B.  dr ratio 2:1.
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1H NMR  (300 MHz, CHLOROFORM-d) δ  ppm Major diastereoisomer  7.93-
7.77 (1H, m); 7.59-7.38 (3H, m); 6.02-5.75 (1H, m); 5.32 (1H, d, 
J=2.6 Hz); 5.29-5.13 (2H, m); 4.55 (1H, dd, J=15.4, 5.3 Hz); 3.79 
(1H,  dd,  J=15.6,  7.0  Hz);  3.00  (1H,  ddd,  J=12.7,  5.2,  2.4  Hz); 
2.67-2.49 (1H, m); 2.44-2.32 (1H, m); 2.18-1.95 (1H, m); 1.89-1.18 
(5H,  m).    Minor  diastereoisomer  7.59-7.38  (2H,  m);  7.33  (1H,  d, 
J=7.5  Hz);  6.02-5.75  (1H,  m);  5.45  (1H,  s);  5.29-5.13  (2H,  m); 
4.44 (1H, dd, J=15.4, 6.4 Hz); 3.70 (1H, dd, J=15.3, 5.5 Hz); 2.82 
(1H,  dd,  J=11.7,  6.8  Hz);  2.67-2.49  (1H,  m);  2.44-2.32  (1H,  m); 
2.18-1.95 (1H, m); 1.89-1.18 (5H, m). 
13C  NMR  (75  MHz,  CHLOROFORM-d)  δ  ppm  major  and  minor 
diastereoisomers 210.6; 209.4; 168.6; 143.6; 133.1; 133.0; 132.7; 
131.7;  131.5;  128.2;  128.1;  124.5;  123.6;  123.5;  123.3;  121.3; 
118.0; 117.7; 58.6; 57.1; 53.8; 50.1; 44.4; 43.1 42.1 41.7 26.4; 
26.0 25.2 24.5; 24.4 24.2.   	 ﾠ 150	 ﾠ
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2. Experimental Procedures for Chapter 2 
2.1. General Procedures 
General Procedure 1 – N-Boc Protection 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
nitrogen  heterocycle  (1.0  eq.),  solvent  (1  mL/mmol  heterocycle), 
Boc2O (1.2 eq.) and DMAP (0.15 eq.).  The mixture was stirred at 
rt  for  the  specified  time  and  purified  on  silica  gel  (EtOAc  in 
petrol) to afford the desired products. 
 
General Procedure 2 – Ester formation 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
acid (1.0 eq.), DMAP (0.050 eq.), alcohol (2.0 eq.) and CH2Cl2 (5 
mL/mmol).    Dropwise  at  0 
oC,  DIC  (1.2  eq.)  was  added  and  the 
mixture  stirred  for  the  specified  time.    The  reaction  mixtures 
were  concentrated  in  vacuo,  dissolved  in  Et2O,  the  urea 
precipitate  removed  by  filtration,  the  mixture  concentrated  in 
vacuo and purified on silica gel (EtOAc in petrol) to afford the 
desired products. 
 
General procedure 3 – Adapted Maleczka-Smith Borylation 
A  three-necked  round-bottomed  flask  was  charged  with  a  magnetic 
stirrer  bar,  pyrrole  (1.0  eq.),  [Ir(OMe)(1,5-cod)]2  (0.015  eq.) 
and  dtbpy  (0.030  eq.),  equipped  with  a  reflux  condenser,  and 
purged  with  Ar  in  vacuo.    Hexane  (2  mL/mmol  pyrrole)  and  HBPin 
(2.0 eq.) were added by syringe, the reaction mixture stirred at 
60 
oC  for  the  specified  time,  cooled  to  rt,  filtered  through 
Celite
®  and  purified  on  silica  gel  (EtOAc/petrol)  to  afford  the 
desired products. 
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General procedure 4 – Suzuki-Miyaura Reaction 
A  three-necked  round-bottomed  flask  was  charged  with  a  magnetic 
stirrer  bar,  iodo  phenyl  (1.0  eq.),  boronate  ester/boronic  acid 
(1.2 eq.), K3PO4 (2.0 eq.), Pd(OAc)2 (0.050 eq.), SPhos (0.10 eq.), 
degassed BuOH (1 mL/mmol iodophenyl) and degassed H2O (0.4 mL/mmol 
iodophenyl).    The  reaction  flask  was  equipped  with  a  reflux 
condenser,  purged  with  Ar  in  vacuo  and  the  reaction  mixture 
stirred at 60 
oC for the specified time.  The reaction mixture was 
cooled to rt, filtered through silica gel (EtOAc) and purified on 
silica gel (Et2O/EtOAc in petrol) to afford the desired products. 
 
General procedure 5A – Aryl Nitro Reduction 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
heteroaryl  nitrophenyl  (1.0  eq.),  10%  Pd  on  activated  carbon 
(0.050 eq. Pd) and EtOH (20 mL/mmol nitrophenyl), the flask purged 
with H2 and the mixture stirred at rt for the specified time.  The 
reaction mixture was filtered through Celite
®, diluted with Et2O, 
the organic washed with sat. aq. Na2CO3 solution and concentrated 
in vacuo at 20 
oC to afford the desired products, which were used 
directly without further purification. 
 
General procedure 5B – Aryl Nitro Reduction 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
nitro (1.0 eq.), iron filings (5.0 eq.), NH4Cl (5.0 eq.), EtOH (6 
mL/mmol nitro), water (3 mL/mmol nitro) and the mixture stirred at 
reflux  for  the  specified  time.    The  mixture  was  cooled  to  rt, 
filtered  through  Celite
®  and  extracted  with  CH2Cl2,  dried  (K2CO3) 
and  concentrated  in  vacuo  to  afford  the  desired  products,  which 
were used directly without further purification. 
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General procedure 6 - Pictet-Spengler Reaction 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
pyrroloaniline  (1.0  eq.)  aldehyde  (1.2  eq.),  Lewis  acid  (10-20 
mol.  %),  solvent  and  purged  with  Ar.    The  reaction  mixture  was 
stirred  for  the  specified  time.    Upon  completion,  the  reaction 
mixture  was  filtered  through  Celite
®,  concentrated  in  vacuo  and 
purified on deactivated silica gel to afford the desired products. 
 
General procedure 7A – Amide Bond Formations 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
acid (2.0 eq.), (CH2Cl2 (15 mL/mmol acid) SOCl2 (5.0 eq.), DMF (2 
drops),  the  reaction  mixture  purged  with  Ar  and  stirred  for  the 
specified  time.    The  reaction  mixture  was  concentrated  in  vacuo 
and aniline (1.0 eq.), Et3N (2.0 eq.), DMAP (0.15 eq.) and CH2Cl2 
(15  mL/mmol  acid)  were  added,  the  reaction  purged  with  Ar  and 
stirred  for  the  specified  time.    The  reaction  mixture  was 
transferred  to  a  separatory  funnel,  washed  with  water,  the 
organics  dried  (MgSO4),  concentrated  in  vacuo  and  purified  on 
silica gel (EtOAc in petrol) to afford the desired products. 
 
General procedure 7B – Amide Bond Formations 
Round-bottomed  flask  A  was  charged  with  a  magnetic  stirrer  bar, 
acid (3.0 eq.) and under Ar, anhydrous THF (10 mL/mmol acid), HCA 
(1.5 eq.), and dropwise, PPh3 (3.0 eq. in THF) and stirred for 20 
min  at  rt.    Round-bottomed  flask  B  was  charged  with  a  magnetic 
stirrer  bar,  aniline  and  under  an  atmosphere  of  Ar,  THF  (10 
mL/mmol aniline), dropwise, the contents of round-bottomed flask A 
and  a  Et3N  (1.5  eq.).  The  reaction  mixture  was  stirred  for  the 
specified time.  The reaction mixture was concentrated, dissolved 
in  a  mixture  of  CH2Cl2  and  sat.  aq.  NH4Cl  and  transferred  to  a 
separatory  funnel,  the  organics  dried  (K2CO3),  concentrated  in 
vacuo and purified on silica gel (EtOAc in petrol) to afford the 
desired products. 	 ﾠ 154	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General procedure 7C – Amide Bond Formations 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
acid  (1.0  eq.),  DMAP  (0.050  eq.),  and  CH2Cl2  (ca.  5  mL/mmol).  
Dropwise  at  0 
oC,  DIC  (1.2  eq.)  was  added,  followed  by  the 
addition  of  aniline  (1.0  eq.  in  CH2Cl2  (1  mL))  and  the  mixture 
stirred at rt for the specified time.  The reaction mixtures were 
concentrated  in  vacuo,  dissolved  in  Et2O,  the  urea  precipitate 
removed  by  filtration,  the  mixture  concentrated  in  vacuo  and 
purified  on  silica  gel  (EtOAc  in  petrol)  to  afford  the  desired 
products. 
 
General procedure 8 – Movassaghi-Pictet-Hubert Reaction 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
amide (1.0 eq.), 2-ClPyr (2.0 eq.) and CH2Cl2 (5 mL/mmol amide) and 
purged  with  Ar.    At  -78 
oC,  Tf2O  (4.0  eq.)  was  added  dropwise.  
Upon completion of the addition, the reaction mixture was brought 
slowly to rt and stirred for the specified time.  Upon completion 
of  the  reaction,  sat.  aq.  NaHCO3  solution  (equal  vol.  of  CH2Cl2) 
was  added,  the  organics  combined,  dried  (MgSO4),  concentrated  in 
vacuo and purified on deactivated silica gel (EtOAc in petrol) to 
afforded the desired products. 
 
General procedure 9 – N-Alkylations 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
bromide (1.0 eq.), amine (1.2 eq.), K2CO3/Cs2C03 (1.2 – 1.5 eq.) and 
MeCN  (ca.  5  mL/mmol)  and  stirred  for  the  specified  time.    The 
reaction  mixture  was  diluted  with  water  and  transferred  to  a 
separatory  funnel,  the  aqueous  phase  extracted  with  EtOAc,  the 
organics  combined,  dried  (MgSO4),  concentrated  in  vacuo  and 
purified on silica gel as required to afford the desired products. 
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General procedure 10A – N-Boc Deprotection 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
pyrroloquinoline  (1.0  eq.),  anhydrous  THF  (ca.  5  mL/mmol 
pyrroloquinoline)  and,  NaOMe  (2.0  eq.  of  25%  soln.  in  MeOH)  was 
added dropwise and the reaction mixture stirred for the specified 
time.  Upon completion, H2O was added and the mixture transferred 
to  a  separatory  funnel,  the  aqueous  phase  extracted  with  EtOAc, 
the  organics  combined,  dried  (MgSO4),  concentrated  in  vacuo  and 
purified  on  silica  gel  (EtOAc  in  petrol)  to  afford  the  desired 
products. 
 
General procedure 10B – N-Boc Deprotection 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
pyrroloquinoline (1.0 eq.) and HCl in dioxane (4M, ca. 5 mL/mmol 
pyrroloquinoline)  and  stirred  for  the  specified  time.    Upon 
completion,  the  reaction  mixture  was  diluted  with  water,  the  pH 
adjusted to strongly basic (1M aq. NaOH solution) and transferred 
to  a  separatory  funnel,  the  aqueous  phase  extracted  with  EtOAc, 
the  organics  combined,  dried  (MgSO4),  concentrated  in  vacuo  and 
purified on silica gel to afford the desired products. 
 
General procedure 10C – N-Boc Deprotection 
A  round-bottomed  flask  was  charged  with  pyrroloquinoline  and 
heated to 120 
oC until CO2 evolution ceased.  The resulting solid 
was purified on silica gel to afford the desired products. 
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2.2. N-Boc Protections 
2.2.1 tert-Butyl 1H-pyrrole-1-carboxylate (260) 
 
Using general procedure 1, pyrrole (0.21 mL, 3.027 mmol, 1.0 eq.), 
CH3CN (3 mL), Boc2O (787 mg, 3.606 mmol, 1.2 eq.) and DMAP (53 mg, 
433.8 µmol, 0.15 eq.) were stirred for 16 h and purified on silica 
gel  (1%  EtOAc  in  petrol)  to  afford  pyrrole  260  as  a  colourless 
liquid (497 mg, 99%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  7.25  (2H,  t,  J=2.3  Hz)  1; 
6.23 (2H, t, J=2.3 Hz) 2; 1.61 (9H, s) 8. 
 
2.2.2. Tris-Boc adenine (320) 
 
Using general procedure 1, adenine (319) (1.35 g, 10.00 mmol, 1.0 
eq.),  DMAP  (123  mg,  1.000  mmol,  0.10  eq.),  Boc2O  (8.86  g,  40.00 
mmol, 4.0 eq.) and THF (50 mL) were stirred for 12 h and purified 
on silica gel (20-30% EtOAc in petrol) to afford tris-Boc-adenine 
320 as a white foam (4.18 g, 96%). 
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Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.02 (1H, s), 8.51 (1H, s) 1, 
5; 1.72 (9H, s) 8; 1.44 (18H, s) 11. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 154.1; 152.5; 151.2; 150.0; 
145.6; 143.2; 129.6; 87.5, 7; 84.0, 10; 27.9, 8; 27.7, 11. 
 
2.3. N-TIPS Protections 
2.3.1. 1-(Triisopropylsilyl)-1H-pyrrole (261) 
 
A  two-necked  round-bottomed  flask  was  charged  with  a  magnetic 
stirrer bar, pyrrole (0.21 mL, 3.026 mmol, 1.0 eq.), anhydrous THF 
(3 mL) and the mixture cooled to -78 
oC and purged with argon. n-
BuLi (1.32 mL of 2.5 M solution, 3.300 mmol, 1.1 eq.) was added 
dropwise  and  stirred  at  -78 
oC  for  10  min.    Triisopropylsilyl 
chloride  (0.64  mL,  2.991  mmol,  1.0  eq.)  was  added  dropwise,  the 
reaction  mixture  stirred  at  -78 
oC  for  5  min  and  the  reaction 
mixture  was  slowly  warmed  to  rt  before  concentration  in  vacuo.  
The residue was dissolved in Et2O and water and transferred to a 
separatory funnel.  The organics were combined, dried (MgSO4) and 
concentrated  in  vacuo.    Hexane  was  added,  the  resulting  black 
precipitate  was  removed  by  filtration  and  the  hexane  solution 
concentrated in vacuo.  Purification on alumina (hexane) afforded 
pyrrole 261 as a clear oil (392 mg, 58%). 
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Chemical Formula: C20H29N5O6
Molecular Weight: 435.47
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Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  6.82  (2H,  t,  J=2.0  Hz)  1; 
6.33 (2H, t, J=2.0 Hz) 2; 1.47 (3H, spt, J=7.0 Hz) 5; 1.12 (18H, d, 
J=7.3 Hz) 6. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 124.0, 1; 110.0, 2; 17.8, 6; 
11.7, 5. 
 
2.4. Adapted Maleczka-Smith Borylations 
2.4.1 tert-Butyl 3-(tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrrole-1-carboxylate (266) 
 
Using general procedure 3, N-Boc pyrrole (0.50 mL, 2.990 mmol, 1.0 
eq.),  HBPin  (0.87  mL,  5.981  mmol,  2.0  eq.),  hexane  (6  mL), 
[Ir(OMe)(1,5-cod)]2  (30 mg, 44.85 µmol, 0.015 eq.) and dtbpy (24 
mg,  89.71  µmol,  0.030  eq.)  were  stirred  at  60 
oC  for  12  h  and 
purified  on  silica  gel  (10%  EtOAc  in  petrol)  to  afford  boronate 
ester 266 as a white solid (815 mg, 98%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, METHANOL-d4) δ ppm 7.55 (1H, t, J=1.7 Hz) 4; 7.22 
(1H, dd, J=3.1, 2.0 Hz) 1; 6.39 (1H, dd, J=3.1, 1.5 Hz) 2; 1.60 
(9H, s) 7; 1.31 (12H, s) 9. 
13C NMR (100 MHz, METHANOL-d) δ ppm 150.0, 5; 129.8, 4; 121.7, 1; 
117.2, 2; 85.2, 6; 84.6, 8; 28.1, 7; 25.1, 9. 
 
2.4.2. 3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1-
(triisopropylsilyl)-1H-pyrrole (267) 
 
Using  general  procedure  3,  N-Tips  pyrrole  (0.25  mL,  1.012  mmol, 
1.0  eq.),  HBPin  (0.29  mL,  2.024  mmol,  2.0  eq.),  hexane  (2  mL), 
[Ir(OMe)(1,5-cod)]2 (10 mg, 15.18 µmol, 0.015 eq.) and dtbpy (8 mg, 
30.36 µmol, 0.030 eq.) were stirred at 60 
oC for 8 h and purified 
on silica gel (5% EtOAc in petrol) to afford boronate ester 267 as 
a white solid (308 mg, 87%) 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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MP 65-67 
oC 
1H  NMR  (300  MHz,  CHLOROFORM-d)  δ  ppm  7.24  (1H,  t,  J=1.5  Hz)  4; 
6.82 (1H, t, J=2.3 Hz) 1; 6.63 (1H, dd, J=2.6, 1.1 Hz) 2; 1.46 (3H, 
spt, J=7.9 Hz) 7, 1.33 (12H, s) 12, 1.10 (18H, d, J=7.5 Hz) 8. 
13C NMR (75 MHz, CHLOROFORM-d) δ ppm 133.6, 4; 124.9, 1; 115.6, 2; 
82.7, 11; 24.8, 12; 17.8, 8; 11.6, 7. 
LRMS (ESI) m/z 350 [M + H]
+; 722 [2M + Na]
+. 
 
2.5. Suzuki-Miyaura Reactions 
2.5.1. tert-Butyl 3-(2-nitrophenyl)-1H-pyrrole-1-carboxylate (275) 
 
Using general procedure 4, boronate 266 (293 mg, 1.000 mmol, 1.2 
eq.), 1-iodo-2-nitrobenzene (208 mg, 0.8333 mmol, 1.0 eq.), K3PO4 
(354 mg, 1.667 mmol, 2.0 eq.), Pd(OAc)2 (9 mg, 41.67 µmol, 0.050 
eq.), SPhos (34 mg, 83.33 µmol, 0.10 eq.) BuOH (1 mL) and H2O (0.4 
mL) were stirred at 60 
oC for 12 h and purified on silica gel (10-
20%  Et2O  in  petrol)  to  afford  nitro  275  as  a  pale  yellow  solid 
upon scratching (223 mg, 93%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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MP 62-66 
oC 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.73 (1H, dd, J=8.1, 1.1 Hz) 
11; 7.55, (1H, td, J=7.5, 1.3 Hz) 9; 7.50 (1H, dd, J=7.8, 1.5 Hz) 
8; 7.42-7.7.38 (2H, m) 4, 10; 7.28 (1H, dd, J=3.2, 2.2 Hz) 1; 6.27 
(1H, dd, J=3.3, 1.8 Hz) 2; 1.62 (9H, s) 7. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.1, 12; 148.4, 5; 132.0, 9; 
131.2,  8;  128.9,  13;  127.6,  10;  123.7,  11;  122.7,  3;  120.8,  1; 
118.2, 4; 111.8, 6; 28.0, 7. 
 
2.5.2. 3-(2-Nitrophenyl)-1-[tris(propan-2-yl)silyl]-1H-pyrrole 
(276) 
 
Using general procedure 4, boronate 267 (254 mg, 0.7270 mmol, 1.2 
eq.), 1-iodo-2-nitrobenzene (151 mg, 0.6058 mmol, 1.0 eq.), K3PO4 
(257 mg, 1.212 mmol, 2.0 eq.), Pd(OAc)2 (7 mg, 30.29 µmol, 0.050 
eq.), SPhos (25 mg, 60.58 µmol, 0.10 eq.) BuOH (1 mL) and H2O (0.4 
mL)  were  stirred  at  60 
oC  for  12  h  and  purified  on  silica  gel 
(2.5-10%  Et2O  in  petrol)  to  afford  nitro  276  as  a  yellow  solid 
upon scratching (196 mg, 94%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.48 (1H, dd, J=8.0, 1.2 Hz); 
7.45 (1H, dd, J=7.9, 1.4 Hz); 7.38 (1H, td, J=7.6, 1.3 Hz); 7.19-
7.15 (1H, r ddd); 6.82 (1H, apt. t, J=1.8 Hz); 6.71 (1H, apt. t, 
J=2.4 Hz); 6.32 (1H, dd, J=2.7, 1.5 Hz) 2; 1.37 (3H, spt., J=7.5 
Hz) 11; 1.03 (18H, d, J=7.6 Hz) 12. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.2; 131.3; 130.8; 129.9; 
126.0; 125.0; 123.2; 122.9; 120.8; 110.4; 17.7; 11.6. 
 
2.5.3. 3-(2-Nitrophenyl)thiophene (354) 
 
Using general procedure 4, boronic acid 353 (401 mg, 3.133 mmol, 
1.2  eq.),  1-iodo-2-nitrobenzene  (600  mg,  2.410  mmol,  1.0  eq.), 
K3PO4 (1.535 g, 7.230 mmol, 2.0 eq.), Pd(OAc)2 (27 mg, 0.1205 mmol, 
0.050 eq.), SPhos (99 mg, 0.2410 mmol, 0.10 eq.) BuOH (2.5 mL) and 
H2O (1.0 mL) were stirred at 60 
oC for 16 h and purified on silica 
gel (5-15% EtOAc in petrol) to afford nitro 354 as an orange oil 
(480 mg, 97%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1 1
2 2 3 3
4 4 N
5 5
6 6
7 7 8 8
9 9
10 10
NO2
12 12
Si
13 13
11 11
15 15
16 16
17 17
18 18 12 12 20 20
21 21
22 22 Chemical Formula: C19H28N2O2Si
Molecular Weight: 344.52
S NO2 S
B(OH)2
1-iodo-2-nitrobenzene,
Pd(OAc)2
SPhos, K3PO4, BuOH,
H2O, 60 oC, 12 h
353 354
1 1
2 2 3 3
4 4 S
5 5
6 6
7 7 8 8
9 9
10 10
NO2 Chemical Formula: C10H7NO2S
Molecular Weight: 205.23  163	 ﾠ
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.80 (1H, dd, J=8.0, 1.2 Hz) 
9; 7.60 (1H, td, J=7.6, 1.3 Hz) 8; 7.51 (1H, dd, J=7.7, 1.3 Hz) 6; 
7.49-7.45 (1H, r ddd) 7; 7.40 (1H, dd, J=5.0, 3.0 Hz) 1; 7.34 (1H, 
dd, J=3.0, 1.4 Hz) 4; 7.10 (1H, dd, J=5.0, 1.4 Hz) 2. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.2, 5; 137.0, 3; 132.1, 8; 
131.7, 6; 130.8, 10; 128.1, 7; 127.4, 2; 126.2, 1; 123.9, 9; 123.5, 
4. 
 
2.6. Nitro Reductions 
2.6.1. tert-Butyl 3-(2-aminophenyl)-1H-pyrrole-1-carboxylate (269) 
 
Using general procedure 5A, nitro 275 (50 mg, 173.4 µmol, 1.0 eq.), 
10% palladium on activated carbon (3  mg) and EtOH (3.5 mL) were 
stirred in an atmosphere of H2 for 45 min to afford aniline 269 as 
a  colourless  oil  (43  mg,  97%),  which  was  used  directly  without 
further purification. 
 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  7.44  (1H,  t,  J=1.9  Hz)  4; 
7.35 (1H, dd, J=3.1, 2.2 Hz) 1; 7.24 (1H, dd, J=7.6, 1,5 Hz) 8; 
7.12 (1H, ddd, J=7.9, 7.4, 1.6 Hz) 10; 6.81 (1H, td, J=7.5, 1.2 Hz) 
9; 6.77 (1H, dd, J=8.0, 1.0 Hz) 11; 6,48 (1H, dd, J3.2, 1.8 Hz) 2; 
3.93 (2H, br. s) 14; 1.64 (9H, s) 7. 
Boc
N
NO2 Pd/C, H2, EtOH
45 min
Boc
N
NH2
275 269
1 1
2 2 3 3
4 4 N
13 13
5 5
O O
6 6
7 7
8 8
9 9 10 10
11 11
12 12
NH2
14 14
Chemical Formula: C15H18N2O2
Molecular Weight: 258.32	 ﾠ 164	 ﾠ
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 148.7, 5; 143.9, 12; 129.7, 8; 
127.9, 10; 125.1, 3; 120.53,  120.51, 1,  13; 118.5, 9; 117.5, 4; 
115.6, 11; 112.6, 2; 83.8, 6; 27.9, 7. 
 
2.6.2. 2-{1-[tris(Propan-2-yl)silyl]-1H-pyrrol-3-yl}aniline (269) 
 
Using general procedure 5A, nitro 276 (50 mg, 145.1 µmol, 1.0 eq.), 
10% palladium on activated carbon (3 mg) and EtOH (3.5 mL) were 
stirred  in  an  atmosphere  of  H2  for  45  min  to  afford  aniline 269 
(46  mg,  100%),  which  was  used  directly  without  further 
purification. 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.27 (1H, dd, J=7.5, 1.6 Hz); 
7.07 (1H, td, J=7.6, 1.4 Hz); 6.97 (1H, t, J=1.5 Hz); 6.86 (1H, t, 
J=2.3 Hz); 6.81 (1H, dd, J=7.5, 0.8 Hz); 6.77 (1H, dd, J=7.9, 0.7 
Hz); 6.53 (1H, dd, J=2.3, 1.4 Hz); 3.49 (2H, s) 13; 1.50 (3H, spt., 
J=7.5 Hz) 5; 1.14 (18H, d, J=7.5 Hz) 6. 
 
 
 
TIPS
N
NO2 Pd/C, H2, EtOH
45 min
TIPS
N
NH2
276 269
1 1
2 2 3 3
4 4 N 5 5
7 7
Si
7 7
5 5
9 9 10 10
11 11
12 12 6 6 14 14
15 15
16 16
8 8
9 9 10 10
11 11
12 12
NH2
13 13
Chemical Formula: C19H30N2Si
Molecular Weight: 314.54  165	 ﾠ
2.6.3. 2-(Thiophen-3-yl)aniline (355) 
 
Using general procedure 5B, nitro 354 (51 mg, 248.5 µmol, 1.0 eq.), 
Fe filings (71 mg, 1.271 mmol, 5.1 eq.), NH4Cl (63 mg, 1.156 mmol, 
4.7 eq.), EtOH (1.4 mL) and H2O (0.70 mL) were stirred at 80 
oC for 
2 h to afford aniline 355 as a yellow oil (39 mg, 92%), which was 
used directly without further purification. 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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IR (v (cm
-1) 3224, 1646, 1523, 753, 738. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.44 (1H, dd, J=4.9, 3.0 Hz); 
7.39 (1H, dd, J=2.9, 1.3 Hz); 7.28 (1H, dd, J=4.9, 1.3 Hz); 7.23 
(1H, dd, J=7.6, 1.5 Hz); 7.16 (1H, td, J=7.7, 1.6 Hz); 6.81 (1H, 
td, J=11.2, 1.2 Hz); 6.78 (1H, dd, J=8.0, 1.0 Hz); 3.84 (2H, br. s) 
11. 
 
 
 
 
 
 
 
S
NO2 Fe, NH4Cl, EtOH
H2O, Δ, 2 h
S
NH2
354 355
1 1
2 2 3 3
4 4 S
5 5
5 5
6 6
7 7 8 8
9 9
10 10
NH2
11 11
Chemical Formula: C10H9NS
Molecular Weight: 175.25	 ﾠ 166	 ﾠ
2.7. Amide Formations 
2.7.1. tert-Butyl 3-(2-acetamidophenyl)-1H-pyrrole-1-carboxylate 
(304) 
 
Using  general  procedure  7A,  aniline  268  (47  mg,  173.4  µmol,  1.0 
eq.), Ac2O (20 µL, 208.1 µmol, 1.2 eq.), DMAP (1 mg, 8.670 µmol, 
0.050  eq.),  Et3N  (48  µL,  346.8  µmol,  2.0  eq.)  and  CH2Cl2  (1  mL) 
were stirred for 12 h and purified on silica gel (20-50% EtOAc in 
petrol) to afford amide 304 as a clear oil (43 mg, 83%). 
 
IR (v, cm
-1) 3266, 2980, 1741, 1388, 1345, 975. 
1H NMR (400 MHz, ACETONE-d-6) δ ppm 8.41 (1H, br. s) 11; 7.92 (1H, 
d, J=7.8 Hz) 9; 7.45 (1H, s) 4; 7.37 (1H, d, J=7.4 Hz) 6; 7.33 (1H, 
dd, J=3.2, 2.2 Hz) 1; 7.25 (1H, td, J=7.7, 1.3 Hz) 8; 7.14 (1H, t, 
J=7.3 Hz) 7; 6.48 (1H, apt. s) 2; 2.08 (3H, s) 13; 1.63 (9H, s) 16. 
13C NMR (100 MHz, ACETONE-d-6) δ ppm 168.9, 12; 149.3, 14; 136.5, 
10;  130.1,  6;  128.0,  8;  125.5,  125.3,  3,5;  125.1,  9;  121.4,  1; 
119.0, 4; 113.4, 2; 84.7, 15; 28.0 16;  
LRMS (ESI) m/z 301.0 [M + H]
+; 323.0 [M + Na]
+ 
HRMS (ESI) m/z for C17H20N2O3 calcd. 301.1547, found 301.1551 [M + 
H]
+. 
Boc
N
NH2
Boc
N
HN
O
Ac2O, DMAP, Et3N
CH2Cl2, rt, 12 h
268 304
1 1
2 2 3 3
4 4 N
5 5
5 5
6 6
7 7 8 8
9 9
10 10
HN
11 11
12 12
13 13
O
15 15
14 14
O
17 17 O 18 18
15 15
16 16 21 21
22 22
Chemical Formula: C17H20N2O3
Molecular Weight: 300.35  167	 ﾠ
 
2.7.2. tert-Butyl 3-(2-(3-methylbutanamido)phenyl)-1H-pyrrole-1-
carboxylate (306) 
 
Using  general  procedure  7C,  aniline  268  (47  mg,  173.4  µmol,  1.0 
eq.), isovaleric acid (38 µL, 346.8 µmol, 2.0 eq.), DIC (68 µL, 
433.5 µmol, 2.5 eq.), DMAP (1 mg, 8.670 µmol, 0.050 eq.) and CH2Cl2 
(1 mL) were stirred for 12 h and purified on silica gel (20-50% 
EtOAc in petrol) to afford amide 306 as a white solid (54 mg, 91%). 
 
MP 100-101 
oC 
IR (v, cm
-1) 2959, 1742, 1389, 1345, 1287. 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  8.31  (1H,  d,  J=8.1  Hz)  9; 
7.45 (1H, br. s) 11; 7.38 (1H, apt. t, J=2.6 Hz) 1/4; 7.33-7.28 
(3H, m) 1/4, 6, 8; 7.12 (1H, t, J=7.4 Hz) 7; 6.36 (1H, dd, J=3.1, 
1.8 Hz) 2; 1.63 (9H, s) 18; 1.01 (6H, d, J=6.1 Hz) 15. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 170.6, 12; 148.5, 16; 135.2, 
10;  129.6,  128.0,  6,  8;  124.9,  5;  124.0,  3;  123.9,  7;  121.19, 
121.15, 1/4, 9; 118.2, 1/4; 112.5, 2; 84.3, 17; 47.3, 13; 28.0, 18; 
26.1, 14; 22.4, 15. 
LRMS (ESI) m/z 343.1 [M + H]
+; 365.1 [M + Na]
+ 
Boc
N
HN
O
Boc
N
NH2
isovaleric acid, DIC, DMAP
CH2Cl2, 0 oC-rt, 12 h
268 306
1 1
2 2 3 3
4 4 N
5 5
5 5
6 6
7 7 8 8
9 9
10 10
HN
11 11
12 12
13 13
O
15 15
14 14
17 17
15 15
16 16
O
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17 17
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25 25
Chemical Formula: C20H26N2O3
Molecular Weight: 342.43	 ﾠ 168	 ﾠ
HRMS (ESI) m/z for C20H26N2O3 calcd. 343.2016, found 343.2015 [M + 
H]
+. 
 
2.7.3. tert-Butyl 3-(2-(2-phenylacetamido)phenyl)-1H-pyrrole-1-
carboxylate (305) 
 
Using  general  procedure  7C,  aniline  268  (50  mg,  173.4  µmol,  1.0 
eq.), phenylacetic acid (44 µL, 346.8 µmol, 2.0 eq.), DIC (68 µL, 
433.5 µmol, 2.5 eq.), DMAP (1 mg, 8.670 µmol, 0.050 eq.) and CH2Cl2 
(1 mL) were stirred for 12 h and purified on silica gel (10-30% 
EtOAc in petrol) to afford amide 305 as a colourless oil (56 mg, 
86%). 
 
IR (v, cm
-1) 1742, 1519, 1388, 1346, 1285, 1148, 976. 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  8.36  (1H,  d,  J=8.2  Hz)  9; 
7.45 (1H, br. s) 11; 7.32-7.26 (4H, m); 7.22-7.13 (4H, m); 7.09-
7.05  (2H,  m);  5.93  (1H,  dd,  J=3.0,  1.7  Hz)  2;  3.70  (2H,  s)  13; 
1.67 (9H, s) 19. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 168.9; 148.4; 135.4; 134.0; 
129.8;  129.5;  129.0;  128.1;  127.4;  125.0;  123.9;  123.2;  120.9; 
120.3; 118.0; 112.3; 84.1; 45.2; 28.0. 
LRMS (ESI) m/z 377.1 [M + H]
+; 399.1 [M + Na]
+ 
Boc
N
HN
Bn
O
Boc
N
NH2
Phenylacetic acid, DIC, DMAP
CH2Cl2, 0 oC-rt, 12 h
268 305
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Chemical Formula: C23H24N2O3
Molecular Weight: 376.45  169	 ﾠ
HRMS (ESI) m/z for C23H24N2O3 calcd. 377.1860, found 377.1863 [M + 
H]
+. 
 
2.7.4. tert-Butyl 3-(2-(1H-indole-3-carboxamido)phenyl)-1H-
pyrrole-1-carboxylate (309) 
 
Using  general  procedure  7C,  aniline  268  (47  mg,  173.4  µmol,  1.0 
eq.), indole-3-carboxylic acid (56 mg, 346.8 µmol, 2.0 eq.), DIC 
(68 µL, 433.5 µmol, 2.5 eq.), DMAP (1 mg, 8.670 µmol, 0.050 eq.) 
and MeCN (1 mL) were stirred for 12 h and purified on silica gel 
(20-50% EtOAc in petrol) to afford amide 309 as a yellow oil (56 
mg, 81%). 
 
IR (v, cm
-1) 3234, 1743, 1343, 1284, 1148. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.78 (1h, br. s) 15; 8.52 (1H, 
d, J=8.3 Hz) 9; 8.24 (1H, s) 11; 7.73 (1H, d, J=3.2 Hz) 14; 7.62 
(1H, d, J=8.0 Hz) 21; 7.43-7.61 (5H, m) 1, 4, 6, 8, 18; 7.43-7.12 
(3H, m) 7, 19, 20; 6.42 (1H, apt. t, J=2.4 Hz) 2; 1.56 (9H, s) 24. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 163.7, 12; 148.5, 16; 136.6, 
10;  135.9;  129.8,  14;  129.0;  128.2,  5;  125.4;  124.3;  123.9,  7; 
123.8, 19; 122.9; 121.6; 121.3; 121.2; 119.4; 118.5, 21; 113.0, 2; 
112.4, 17; 112.3, 18; 84.3, 23; 27.9, 24. 
Boc
N
HN
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N
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NH2
indole-3-carboxylic acid, DIC,
DMAP, CH2Cl2, 0 oC-rt, 12 h
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Chemical Formula: C24H23N3O3
Molecular Weight: 401.46	 ﾠ 170	 ﾠ
LRMS (ESI) m/z 402.1 [M + H]
+ 
HRMS (ESI) m/z for C24H23N3O3 calcd. 410.1812, found 410.1810 [M + 
H]
+. 
 
2.7.5. 2-Phenyl-N-(2-(thiophen-3-yl)phenyl)acetamide 
 
Using general procedure 7A, aniline compound (43 mg, 243.6 µmol, 
1.0  eq.),  phenylacetic  acid  (66  mg,  487.2  µmol,  2.0  eq.),  SOCl2 
(42 µL 584.6 µmol, 2.4 eq.), Et3N (170 µL, 1.218 mmol, 5.0 eq.), 
DMAP (4 mg, 36.54 µmol, 0.15 eq.) and CH2Cl2 (1.2 mL) were stirred 
for  12  h  and  purified  on  silica  gel  (5-20%  EtOAc  in  petrol)  to 
afford amide compound as a white solid (35 mg, 49%). 
 
MP 114-117 
oC 
IR (v, cm
-1) 2968, 1736, 1499 
1H NMR (400 MHz, ACETONE-d6) δ ppm 8.13 (1H, br. s) 11; 8.12 (1H, 
d, J=8.2 Hz) 9; 7.48 (1H, dd, J=5.0, 2.9 Hz) 1; 7.32-7.24 (8H, m) 
4, 6, 8, 15, 16, 17; 7.14 (1H, t, J=7.5 Hz) 7; 7.02 (1H, dd, J=4.9, 
0.9 Hz) 2; 3.67 (2H, s) 13. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 169.6, 12; 139.3, 3; 136.4, 
10;  136.2,  14;  130.3,  6/8/17;  130.7,  15;  129.6,  16;  129.2,  5; 
129.0,  4;  128.6,  127.9,  6/8/17;  127.4,  1;  125.2,  7;  124.1,  2; 
123.7, 9; 45.3, 13. 
LRMS (ESI) m/z 293.9 [M + H]
+; 315.9 [M + Na]
+. 
S
HN
Bn
O S
NH2 Phenylacetic acid, SOCl2, NEt3
DMAP, CH2Cl2, 0 oC-rt, 12 h
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Chemical Formula: C18H15NOS
Molecular Weight: 293.38  171	 ﾠ
HRMS (ESI) m/z for C18H15NOS calcd. 294.0945, found 294.0946 [M + 
H]
+. 
 
2.7.6. tert-Butyl 3-(2-(nicotinamido)phenyl)-1H-pyrrole-1-
carboxylate (307) 
 
Using  general  procedure  7B,  aniline  268  (45  mg,  173.4  µmol,  1.0 
eq.),  nicotinic  acid  (64  mg,  520.2  µmol,  3.0  eq.), 
hexachloroacetone (48 µL, 260.1 µmol, 1.5 eq.) PPh3 (138 mg, 520.2 
µmol, 3.0 eq.), Et3N (73 µL, 520.2 µmol, 3.0 eq.) and THF (2 mL) 
were stirred for 15 h and purified on silica gel (10-50% EtOAc in 
petrol) to afford amide 307 as a white solid (29 mg, 48%). 
 
MP 56-58 
oC 
IR (v, cm
-1) 2978, 1739, 1655. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.97 (1H, br. s) 17; 8.75 (1H, 
apt. br. s) 18; 8.45 (1H, d, J=7.8 Hz) 12; 8.34 (1H, br. s) 14; 
8.17 (1H, d, J=7.9 Hz) 20; 7.44-7.35 (5H, m) 1, 4, 9, 11, 19; 7.19 
(1H, apt. t, J=7.5 Hz) 10; 6.41 (1H, dd, J=3.0, 1.9 Hz) 2; 1.61 
(9H, s) 7. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 163.1, 15; 152.4, 18; 148.3, 
5;  147.7,  17;  135.2,  20;  134.8,  13;  130.6,  16;  129.8,  1/4/9/11; 
Boc
N
HN
O
Boc
N
NH2 Nicotinicic acid, HCA
PPh3, THF, 15 h
N
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Chemical Formula: C21H21N3O3
Molecular Weight: 363.41
17 17
N
24 24 18 18
19 19
20 20	 ﾠ 172	 ﾠ
128.3, 1/4/9/11; 125.6, 8; 124.8, 10; 123.7, 19; 123.6, 3; 121.6, 
1/4/9/11; 121.3, 12; 118.4, 1/4/9/11; 112.2, 2; 84.5, 6; 27.9, 7. 
LRMS (ESI) m/z 364.1 [M + H]
+; 386.1 [M + Na]
+. 
HRMS (ESI) m/z for C21H21N3O3 calcd. 364.1656, found 364.1655 [M + 
H]
+. 
 
2.7.7. tert-Butyl 3-(2-(1H-pyrrole-2-carboxamido)phenyl)-1H-
pyrrole-1-carboxylate (308) 
 
Using  general  procedure  7B,  aniline  268  (45  mg,  173.4  µmol,  1.0 
eq.),  pyrrole-2-carboxylic  acid  (60  mg,  520.2  µmol,  3.0  eq.), 
hexachloroacetone (48 µL, 260.1 µmol, 1.5 eq.) PPh3 (136 mg, 520.2 
µmol, 3.0 eq.), Et3N (73 µL, 520.2 µmol, 3.0 eq.) and THF (2 mL) 
were stirred for 15 h and purified on silica gel (5-25% EtOAc in 
petrol) to afford amide 308 as a yellow foam (33 mg, 56%). 
 
IR (v, cm
-1) 3250, 1736, 1651. 
1H  NMR  (400  MHz, CHLOROFORM-d) δ  ppm  10.09  (1H,  br.  s) 20;  8.45 
(1H,  dd,  J=8.7,  1.2  Hz)  12;  8.12  (1H,  br.  s)  14;  7.45  (1H,  dd, 
J=3.2, 2.2 Hz) 1; 7.41 (1H, t, J=1.9 Hz) 4; 7.37 (1H, d, J=7.7) 9; 
7.36 (1H, td, J=7.3, 1.6 Hz) 11; 7.15 (1H, td, J=7.5, 1.3 Hz) 10; 
7.01 (1H, td, J=2.7, 1.3 Hz) 19; 6.49 (1H, ddd, J=3.7, 2.5, 1.3 Hz) 
Boc
N
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O
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N
NH2 Pyrrole-2-carboxylic acid, NH
HCA, PPh3, THF, 15 h
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Chemical Formula: C20H21N3O3
Molecular Weight: 351.40
17 17
18 18
19 19
NH
20 20  173	 ﾠ
18; 6.46 (1H, dd, J=3.3, 1.7 Hz) 2; 6.26 (1H, td, J=3.8, 2.5 Hz) 
17; 1.64 (9H, s) 7. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 158.9, 15; 148.5, 5; 135.1 13; 
129.5, 9; 128.1, 11; 126.2, 16; 124.8, 8; 123.8, 3, 10; 122.5, 19; 
121.4,  1;  120.8,  12;  118.3,  4;  112.5,  2;  110.0,  17;  109.6,  18; 
84.4, 6; 28.0, 7. 
LRMS (ESI) Fail.
 
 
2.7.8. tert-Butyl 3-(2-(2-(1H-indol-3-yl)acetamido)phenyl)-1H-
pyrrole-1-carboxylate 
 
Using  general  procedure  7B,  aniline  268  (45  mg,  173.4  µmol,  1.0 
eq.),  indole-3-acetic  acid  (91  mg,  520.2  µmol,  3.0  eq.), 
hexachloroacetone (48 µL, 260.1 µmol, 1.5 eq.) PPh3 (136 mg, 520.2 
µmol, 3.0 eq.), Et3N (73 µL, 520.2 µmol, 3.0 eq.) and THF (2 mL) 
were stirred for 15 h and purified on silica gel (20-50% EtOAc in 
petrol) to afford amide compound as an orange foam (55 mg, 82%). 
 
IR (v, cm
-1) 3342, 1740, 1521, 1387, 1284, 1148, 975. 
1H  NMR  (400  MHz,  CHLOROFORM-d) δ  ppm  8.44  (1H,  d, J=9.0  Hz) 12; 
8.42 (1H, br. s) 20; 7.86 (1H, br. s) 14; 7.50 (1H, d, J=8.0 Hz) 
22;  7.37  (1H,  dt,  J=8.2,  0.8  Hz)  25;  7.32-7.28  (1H,  r  ddd)  11; 
7.21 (1H, ddd, J=8.1, 7.1, 1.0 Hz) 24; 7.12 (1H, td, J=8.1, 1.3 Hz) 
Boc
N
HN
O
Boc
N
NH2 Indole-3-acetic acid,
HCA, PPh3, THF, 15 h
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Chemical Formula: C25H25N3O3
Molecular Weight: 415.48	 ﾠ 174	 ﾠ
9; 7.09-7.03 (3H, m) 10, 21, 23; 6.92 (1H, t, J=1.9 Hz) 7; 6.85 
(1H, dd, J=3.1, 2.2 Hz) 1; 5.54 (1H, dd, J=3.0, 1.7 Hz) 2; 3.87 
(2H, s) 16; 1.66 (9H, s) 7. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 169.7, 15; 148.5, 5; 136.4, 
19; 135.4, 13; 129.6, 9; 128.1, 11; 126.9, 18; 124.9, 8; 123.9, 21; 
123.8, 10; 123.3, 3; 122.6, 24; 120.4, 1; 120.3, 12; 120.0, 23; 
118.5, 22; 117.7, 4; 111.5, 2; 111.2, 25; 108.2, 17; 84.0, 6; 34.7, 
16; 28.0, 7. 
LRMS (ESI) m/z 438.1 416.1 [M + H], [M + Na]
+. 
 
2.7.9. tert-Butyl 3-(2-(2-bromoacetamido)phenyl)-1H-pyrrole-1-
carboxylate (330) 
 
Using  general  procedure  7C,  aniline  268  (47  mg,  173.4  µmol,  1.0 
eq.), 2-bromoacetic acid (48 mg, 346.8 µmol, 2.0 eq.), DIC (60 µL, 
381.5 µmol, 2.2 eq.), DMAP (2 mg, 17.34 µmol, 0.10 eq.) and CH2Cl2 
(1  mL)  were  stirred  for  12  h  and  purified  on  silica  gel  (5-20% 
EtOAc in petrol) to afford amide 330 as a yellow oil (67 mg, 96%). 
 
IR (v, cm
-1) 2360, 2342, 1747, 1388, 1346, 1285, 1149. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.61 (1H, br. s) 11; 8.28 (1H, 
d, J=8.1 Hz) 9; 7.42-7.31 (4H, m) 1, 4, 6, 8; 7.18 (1H, td, J=7.5, 
Boc
N
NH2
2-bromoacetic acid, DIC
DMAP, CH2Cl2, 0 oC-rt, 12 h
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O
Br
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Chemical Formula: C17H19BrN2O3
Molecular Weight: 379.25  175	 ﾠ
1.1 Hz) 7; 6.39 (1H, dd, J=3.2, 1.8 Hz) 2; 4.00 (2H, s) 13; 1.63 
(9H, s) 16. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 163.1, 12; 148.4, 14; 134.3, 
10; 129.8, 128.0, 6, 8; 125.6, 5; 124.9, 7; 123.1, 3; 121.2, 1/4 
120.8, 9; 118.5, 1/4; 112.8, 2; 84.3, 15; 29.7, 13; 28.9, 16. 
LRMS (ESI) m/z 400.9, 402.8 [M + H]
+; 432.9, 434.9 [M + Na]
+. 
HRMS (ESI) m/z for C17H19BrN2O3 calcd. 379.0652, found 379.0655 [M + 
H]
+. 
 
2.7.10. tert-Butyl 3-(2-(2-(6-((bis-tert-butoxycarbonyl)amino)-9H-
purin-9-yl)acetamido)phenyl)-1H-pyrrole-1-carboxylate (325) 
 
Using general procedure 7C, aniline 268 (200 mg, 693.6 µmol, 1.0 
eq.), acid 323 (545 mg, 1.387 mmol, 2.0 eq.), DIC (272 µL, 1.734 
mmol, 2.5 eq.), DMAP (4 mg, 34.68 µmol, 0.050 eq.) and CH2Cl2 (4 mL) 
were stirred for 6 h and purified on silica gel (10-50% EtOAc in 
petrol) to afford amide 325 as a colourless oil (92 mg, 21%). The 
reported  yield  does  not  account  for  the  large  amount  of  product 
contaminated with the urea by-product. 
 
IR (v, cm
-1) 2979, 2934, 1784, 1741, 1702 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.74 (1H, s) 13; 8.21 (1H, s) 
12; 8.14 (1H, d, J=8.1 Hz) 5; 8.10 (1H, br. s) 7; 7.36 (1H, apt. 
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N
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Chemical Formula: C32H39N7O7
Molecular Weight: 633.69	 ﾠ 176	 ﾠ
br. s) 17; 7.32-7.25 (3H, m) 2, 4, 19; 7.15 (1H, apt. t, J=7.5 Hz) 
3; 6.12 (1H, apt. br. s) 20; 5.00 (2H, s) 9; 1.66 (9H, s) 24; 1.46 
(18H, s) 17. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 163.3, 8; 153.2, 10; 152.1, 
13; 150.5, 14; 150.4, 15; 148.4, 22; 144.9, 12; 134.1, 6; 129.9, 
2/4; 128.2, 11; 128.1, 2/4; 126.1, 1; 125.2, 3; 123.2, 21; 121.6, 
5; 121.4, 19; 118.3, 18; 112.1, 20; 84.5, 23; 83.9, 16; 47.4, 9; 
28.0, 24; 27.7, 17. 
HRMS (ESI) m/z for C32H39N7O7 calcd. 634.2984, found 634.2980 [M + 
H]
+. 
 
2.8. Movassaghi-Pictet-Hubert Reactions 
2.8.1. tert-Butyl 4-methyl-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (315) 
 
Using general procedure 8, amide 304 (99 mg, 329.6 µmol, 1.0 eq.), 
Tf2O (111 µL, 659.2 µmol, 2.0 eq.), 2-ClPyr (125 µL, 1.318 mmol, 
4.0 eq.) and CH2Cl2 (12 mL) were stirred at -78 
oC-rt for 30 min 
and  purified  on  silica  gel  (10-30%  EtOAc/petrol)  to  afford 
pyrroloquinoline 315 as yellow solid (66 mg, 71%). 
 
MP 95-97 
oC. 
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Chemical Formula: C17H18N2O2
Molecular Weight: 282.34  177	 ﾠ
IR (v, cm
-1) 1740, 1360, 1352, 1306. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.26 (1H, dd, J=8.1, 1.1 Hz) 
6; 8.02 (1H, dd, J=8.3, 0.6 Hz) 9; 7.91 (1H, d, J=3.6 Hz) 10; 7.64 
(1H, r ddd) 8; 7.56 (1H, r ddd) 7; 7.28 (1H, d, J=3.5 Hz) 11; 2.96 
(3H, s) 12; 1.71 (9H, s) 15. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.7, 13; 148.4, 5; 134.0, 4; 
131.2, 2; 129.6, 10; 128.9, 9; 128.0, 1; 126.5, 8; 123.9, 7; 122.6, 
6; 105.3, 11; 85.6, 14; 28.01, 15; 26.7, 12. 
LRMS (ESI) m/z 283.0 [M + H]
+. 
HRMS (ESI) m/z for C17H18N2O2 calcd. 283.1441, found 283.1437 [M + 
H]
+. 
 
2.8.2. tert-Butyl 4-isobutyl-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (316) 
 
Using general procedure 8, amide 306 (17 mg, 49.65 µmol, 1.0 eq.), 
Tf2O (17 µL, 99.30 µmol, 2.0 eq.), 2-ClPyr (19 µL, 198.6 µmol, 4.0 
eq.)  and  CH2Cl2  (1.5  mL)  were  stirred  at  -78 
oC-rt  for  1  h  and 
purified  on  silica  gel  (10-30%  EtOAc  in  petrol)  to  afford 
pyrroloquinoline 316 as a white solid (13 mg, 79%). 
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Molecular Weight: 324.42	 ﾠ 178	 ﾠ
IR (v, cm
-1) 
1H NMR (400 MHz, ACETONE-d6) δ ppm 8.28 (1H, dd, J=8.1, 1.0 Hz), 6; 
8.05 (1H, dd, J=8.3, 0.6 Hz) 9; 7.92 (1H, d, J=3.6 Hz) 10; 7.65 
(1H, r ddd) 8; 7.57 (1H, r ddd) 7; 7.3 (1H, d, J=3.6 Hz) 11; 3.38 
(2H, d, J=7.2 Hz) 12; 2.17 (1H, apt. spt., J=6.8 Hz) 13; 1.72 (9H, 
s) 17; 0.85 (6H, d, J=6.5 Hz) 14. 
13C NMR (100 MHz, ACETONE-d6) δ ppm 151.6, 5; 149.9, 15; 144.4, 4; 
134.3, 2; 131.3, 10; 129.9, 9; 128.4, 1; 128.0, 8; 126.6, 7; 123.9, 
6; 122.7, 3; 105.4, 11; 85.6, 16; 47.9, 12; 28.7, 13; 28.0, 17; 
22.8, 14. 
LRMS (ESI) m/z 325.1 [M + H]
+. 
HRMS (ESI) m/z for C20H24N2O2 calcd. 325.1911, found 325.1914 [M + 
H]
+. 
 
2.8.3. tert-Butyl 4-benzyl-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (314) 
 
Using general procedure 8, amide 305 (20 mg, 53.13 µmol, 1.0 eq.), 
Tf2O (13 µL, 79.70 µmol, 2.0 eq.), 2-ClPyr (15 µL, 159.4 µmol, 4.0 
eq.)  and  CH2Cl2  (1.6  mL)  were  stirred  at  -78 
oC-rt  for  1  h  and 
purified  on  silica  gel  (10-30%  EtOAc  in  petrol)  to  afford 
pyrroloquinoline 314 as a white solid (14 mg, 74%). 
Boc
N
HN
O
Ph N
Boc
N
Ph
Tf2O, 2-ClPyr, CH2Cl2
-78 oC-rt, 1h
314 305  179	 ﾠ
 
MP 124 
oC. 
IR (v, cm
-1) 1738, 1353. 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  8.21  (1H,  d,  J=8.2  Hz)  9; 
8.16 (1H, d, J=7.9 Hz) 6; 7.69 (1H, t, J=7.4 Hz) 8; 7.63 (1H, d, 
J=3.2 Hz) 10; 7.60 (1H, t, J=7.6 Hz) 7; 5.02 (2H, s) 12; 1.57 (9H, 
s) 19. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.8, 5; 148.4, 17; 143.4, 4; 
139.4, 13; 134.2, 2; 130.2, 10; 129.1, 9; 128.7, 14; 128.1, 13; 
127.5, 8; 126.0, 7; 125.8, 10; 122.8, 6; 122.0, 3; 104.4, 11; 84.5, 
18; 44.7, 12; 27.9, 19. 
LRMS (ESI) m/z 359.1 [M + H]
+. 
HRMS (ESI) m/z for C23H22N2O2 calcd. 359.1754, found 359.1757 [M + 
H]
+. 
 
2.8.4. tert-Butyl 4-(1H-indol-3-yl)-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (317) 
 
Using general procedure 8, amide 309 (33 mg, 82.20 µmol, 1.0 eq.), 
Tf2O (28 µL, 164.4 µmol, 2.0 eq.), 2-ClPyr (31 µL, 328.8 µmol, 4.0 
eq.)  and  CH2Cl2  (3  mL)  were  stirred  at  -78 
oC-rt  for  4  h  and 
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Chemical Formula: C23H22N2O2
Molecular Weight: 358.43
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 ﾠ
purified  on  silica  gel  (30-50%  EtOAc  in  petrol)  to  afford 
pyrroloquinoline 317 as a yellow oil (27 mg, 86%). 
 
IR (v, cm
-1) 1740, 1353, 1294, 1151. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.13 (1H, br. s) 15; 8.22 (2H, 
ddd, J=9.9, 8.5, 1.1 Hz) 6, 9; 7.86 (1H, d, J=3.5 Hz) 10; 7.73 (1H, 
d, J=2.6 Hz) 16; 7.66 (2H, apt. ddd, J=8.3, 7.0, 1.4 Hz) 8, 20; 
7.58 (1H, ddd, J=8.0, 6.9, 1.2 Hz) 7; 7.33 (1H, dd, J=7.0, 1.3 Hz) 
17; 7.20 (1H, d, J=3.5 Hz) 11; 7.18-7.11 (2H, m) 18, 19; 0.97 (9H, 
s) 23.  
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 149.0, 21; 144.6, 5; 144.0, 4; 
136.2, 14; 134.5, 2; 130.9, 10; 129.0, 9; 127.5, 8; 127.0, 126.9, 
1, 13; 125.6, 8; 124.1, 16; 122.9, 6; 122.3, 17; 121.6, 3; 120.7, 
19; 119.9, 18; 118.7, 12; 111.5, 20; 104.5, 11; 84.6, 22; 26.9, 23. 
LRMS (ESI) m/z 384.1 [M + H]
+. 
HRMS (ESI) m/z for C24H21N3O2 calcd. 384.1698, found 384.1702 [M + 
H]
+. 
 
2.8.5. tert-Butyl 4-(bromomethyl)-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (328) 
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Chemical Formula: C24H21N3O2
Molecular Weight: 383.44
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Using general procedure 8, amide 330 (32 mg, 84.38 µmol, 1.0 eq.), 
Tf2O (28 µL, 168.8 µmol, 2.0 eq.), 2-ClPyr (32 µL, 337.5 µmol, 4.0 
eq.) and CH2Cl2 (3 mL) were stirred at -78 
oC-rt and purified on 
silica gel (20% EtOAc in petrol) to afford pyrroloquinoline 328 as 
a pale yellow solid (27 mg, 89%). 
 
MP decomp. 126 
oC. 
IR (v, cm
-1) 1746, 1355, 1248, 1151, 1119, 1024. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.16 (2H, dd, J=8.0, 1.6 Hz) 
6, 9; 7.81 (1H, d, J=3.6 Hz) 10; 7.70-7.66 (1H, rddd) 8; 7.64-7.60 
(1H rddd) 7; 7.12 (1H, d, J=3.6 Hz) 11; 5.44 (2H, s) 12; 1.73 (9H, 
s) 15. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 148.7, 13; 145.5, 5; 143.0, 4; 
134.7, 2; 130.2, 10; 129.4, 9; 127.8, 8; 126.9, 7; 126.0, 1; 122.9, 
6; 122.6, 3; 104.5, 11; 85.3, 14; 37.1, 12; 28.0, 15. 
LRMS (ESI) m/z 360.9, 363.9 [M + H]
+. 
HRMS (ESI) m/z for C17H17BrN2O2 calcd. 361.0546, found 361.0543 [M + 
H]
+. 
 
2.8.6. 4-Benzylthieno[2,3-c]quinolone (357) 
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Chemical Formula: C17H17BrN2O2
Molecular Weight: 361.23
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Using general procedure 8, amide 356 (20 mg, 53.10 µmol, 1.0 eq.), 
Tf2O (18 µL, 106.3 µmol, 2.0 eq.), 2-ClPyr (20 µL, 212.5 µmol, 4.0 
eq.)  and  CH2Cl2  (2  mL)  were  stirred  at  -78 
oC-rt  for  1  h  and 
purified  on  silica  gel  (20-30%  EtOAc  in  petrol)  to  afford 
pyrroloquinoline 367 as a white solid (12 mg, 64%). 
 
MP 61-62 
oC. 
IR (v, cm
-1) 1559, 1492. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.26-8.24 (2H, m) 6, 9; 7.95 
(1H, d, J=5.3 Hz) 10; 7.75 (1H, d, J=5.2 Hz) 11; 7.72 (1H, ddd, 
J=8.4, 7.0, 1.4 Hz) 8; 7.62 (1H, ddd, J=8.1, 7.0, 1.2 Hz) 7; 7.45-
7.43 (2H, m) 14; 7.31-7.27 (2H, m) 15; 7.22 (1H, tt, J=7.3, 1.3 Hz) 
16; 4.59 (2H, s) 12. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 155.1, 5; 144.8, 4; 142.4, 2; 
137.7, 13; 132.9, 1; 131.1, 10; 129.5, 6/9; 129.3, 14; 128.5, 15; 
128.0, 8; 126.7, 16; 126.3, 7; 123.6, 3; 123.2, 6/9; 121.8, 11; 
44.9, 12. 
LRMS (ESI) m/z 276.0 [M + H]
+. 
HRMS (ESI) m/z for C18H13NS calcd. 276.0841, found 276.0845 [M + H]
+. 
 
2.9. Bromide Alkylations 
2.9.1 N-bis Boc adenine methylenebenzylacetate 
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Chemical Formula: C18H13NS
Molecular Weight: 275.37  183	 ﾠ
 
A round-bottomed flask was charged with a magnetic stirrer bar, N-
bis-Boc adenine (504 mg, 1.503 mmol, 1.0 eq.) and purged with Ar 
and THF (30 mL) added by Hamilton syringe.  The reaction mixture 
was cooled to 0 
oC and under a constant stream of Ar, NaH (90 mg, 
2.237 mmol, 1.5 eq.) was added.  Upon cessation of H2 evolution, 
consecutively benzyl-2-bromoacetate (283 µL, 1.789 mmol, 1.2 eq.) 
dropwise and DMAP (4 mg, 29.82 µmol, 0.020 eq.) were added over Ar, 
the  mixture  slowly  brought  to  rt  and  stirred  for  12  h.    The 
reaction mixture was quenched with H2O (0.1 mL), concentrated in 
vacuo,  dissolved  in  CH2Cl2,  washed  with  H2O,  the  organics  dried 
over MgSO4, concentrated in vacuo and purified on silica gel (40-
60% EtOAc in petrol) to afford the desired product as a white foam 
(698 mg, 96%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
177 
 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.86 (1H, s), 8.14 (1H, s) 1, 
5; 7.39-7.32 (5H, m) 13, 14, 15; 5.24 (2H, s), 5.10 (2H, s) 6, 11; 
1.44 (18H, s) 10. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 166.5; 153.3; 152.2; 150.4; 
150.2; 144.9; 134.4; 128.7; 128.6; 128.4; 128.2; 83.6; 68.0; 44.3; 
27.7. 
2.9.2 N-tris-Boc aplidiopsamine A (327) 
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Chemical Formula: C24H29N5O6
Molecular Weight: 483.52	 ﾠ 184	 ﾠ
 
Using general procedure 9, pyrroloquinoline 328 (86 mg, 238.1 µmol, 
1.2 eq.), bis-Boc adenine (320) (67 mg, 200.9 µmol, 1.0 eq.) and 
Cs2CO3 (72 mg, 221.0 µmol, 1.1 eq.) in anhydrous DMF (1 mL) were 
stirred  for  12  h.    Purification  on  silica  gel  (20-60%  EtOAc  in 
petrol)  afforded  pyrroloquinoline  327  as  a  yellow  oil  (103  mg, 
83%). 
 
MP 89-92 
oC. 
IR (v, cm
-1) 1791, 1743, 1147, 1124, 1101. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.76 (1H, s) 17; 8.33 (1H, s) 
13; 8.10-8.08 (1H, m) 6; 7.81 (1H, d, J=3.8 Hz) 10; 7.75-7.73 (1H, 
m) 9; 7.55-7.50 (2H, m) 7, 8; 7.11 (1H, d, J=3.6 Hz) 11; 6.29 (2H, 
s) 12; 1.70 (9H, s) 20; 1.44 (18H, s) 23. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 153.9, 15; 151.6, 17; 150.2, 
21; 149.8, 14; 149.1, 18; 147.1, 13; 142.8, 4; 142.2, 5; 134.4, 2; 
130.0,  10;  129.3,  9;  128.6,  16;  127.5,  8;  126.7,  7;  126.0,  1; 
122.7, 6; 122.0, 3; 105.2, 11; 85.5, 19; 83.3, 22; 49.0, 12; 27.9, 
20; 27.7, 23. 
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LRMS (ESI) m/z 616.4 [M + H]
+. 
HRMS (ESI) m/z for C17H14N7 calcd. 316.1305, found 316.1308 [M – (3 
Boc) + H]
+. 
 
 
 
2.9.3. tert-Butyl 4-(morpholinomethyl)-3H-pyrrolo[2,3-c]quinoline-
3-carboxylate (315) 
 
Using general procedure 9, pyrroloquinoline 328 (50 mg, 138.4 µmol, 
1.0 eq.), morpholine (18 µL, 207.6 µmol, 1.5 eq.) and K2CO3 (29 mg, 
207.6 µmol, 1.5 eq.) and CH3CN (0.5 mL) were stirred for 12 h to 
afford pyrroloquinoline 315 as an orange oil (52 mg, 100%). 
 
IR (v, cm
-1) 1751, 1360, 1305, 1270, 1242, 1149, 1074, 1024. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.14 (1H, apt. t, J=7.4 Hz) 6, 
9; 7.70 (1H, d, J=3.5 Hz) 10; 7.64 (1H, td, J=7.7, 1.3 Hz) 8; 7.57 
(1H, td, J=7.5, 1.1 Hz) 7; 7.05 (1H, d, J=3.5 Hz); 4.31 (2H, s) 12; 
3.57 (4H, t, J=4.5 Hz) 14; 2.31 (4H, t, J=4.6 Hz) 13; 1.68 (9H, s) 
17. 
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13C NMR (100 MHz, CHLOROFORM-d) δ ppm 148.6, 5; 148.2, 15; 142.9, 4; 
133.6, 2; 130.0, 10; 129.2, 9; 127.3, 8; 127.0, 1; 126.1, 7; 122.8, 
6; 103.8, 11; 84.1, 16; 67.1, 14; 65.9, 12; 53.2, 13; 28.0, 17. 
LRMS (ESI) m/z 368.1 [M + H]
+ 
HRMS (ESI) m/z for C21H25N3O3 calcd. 368.1969, found 368.1971 [M + 
H]
+. 
 
2.9.4. tert-Butyl α-azido 4-methyl-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (345) 
  
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
pyrroloquinoline 328 (200 mg, 553.7 µmol, 1.0 eq.), NaN3 (72 mg, 
1.107 mmol, 2.0 eq.) and EtOH (12 mL) and the reaction stirred for 
22 h.  The reaction mixture was concentrated in vacuo, dissolved 
in a mixture of water and EtOAc  and transferred to a separatory 
funnel. The organics were dried (MgSO4) and concentrated in vacuo 
to afford azide 345 as an off white solid (179 mg, 100%). 
 
MP decomp 86 
oC, 116-119 
oC 
IR (v, cm
-1) 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.20-8.14 (2H, m) 6, 9; 7.80 
(1H, d, J=3.6 Hz) 10
*; 7.79 (1H, d, J=3.6 Hz) 10
#; 7.69 (1H, td, 
N
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N
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NaN3, EtOH, N
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N
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22 h
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Chemical Formula: C17H17N5O2
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J=7.6, 1.6 Hz) 8
#; 7.68 (1H, td, J=7.7, 1.5 Hz) 8
*; 7.62 (1H, r ddd, 
J=8.1, 6.9, 1.2 Hz) 7; 7.12 (1H, d, J=3.4 Hz) 11
#; 7.11 (1H, d, 
J=3.6 Hz) 11
*; 5.44 (2H, s) 12
*; 5.22 (2H, s) 12
#; 1.73 (9H, s) 15
*; 
1.71 (1H, s) 15
#. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 148.70, 13; 145.5, 5; 143.0, 
4; 134.7, 2; 130.2, 10
*; 130.1, 10
#; 129.44, 9
#; 129.38, 9
*; 127.8, 
8; 126.9, 7; 126.7, 1
#; 126.0, 1
*; 122.9, 6
*; 122.6, 6
#; 104.8, 11
#; 
104.5, 11
*; 85.3, 14; 57.0, 12
#; 37.1, 12
*; 28.0, 15.
 
N.B. 
*= major rotamer, 
#= minor rotamer 
LRMS (ESI) Fail. 
 
2.9.5. tert-Butyl 4-((2-((tert-
butoxycarbonyl)amino)acetoxy)methyl)-3H-pyrrolo[2,3-c]quinoline-3-
carboxylate (341) 
 
Using general procedure 9, pyrroloquinoline 328 (99 mg, 274.1 µmol, 
1.1 eq.), Boc-Gly-H (55 mg, 259.9 µmol, 1.0 eq.), K2CO3 (117 mg, 
846.5 µmol, 3.3 eq.) and MeCN (1 mL) were stirred at reflux for 48 
h and purified on silica gel (10-30% EtOAc  in petrol) to afford 
pyrroloquinoline 341 as an oil (103 mg, 87%). 
 
IR (v, cm
-1) 3373, 2978, 1748, 1709. 
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.31 (1H, m) 6; 8.14 (1H, dd, 
J=8.1, 1.7 Hz) 9; 7.77 (1H, d, J=3.6 Hz) 10; 7.66 (1H, ddd, 8.3, 
6.9, 1.5 Hz) 8; 7.59 (1H, ddd, J=8.0, 7.0, 1.1 Hz) 7; 7.10 (1H, d, 
J=3.6 Hz) 11; 5.93 (2H, s) 12; 5.12 (1H, br. s) 15; 4.06 (2H, d, 
J=5.2 Hz) 14; 1.68 (9H, s) 21; 1.43 (9H, s) 18. 
13C  NMR  (100  MHz,  ACETONE-d)  δ  ppm  170.8,  13;  156.7,  16;  149.7, 
144.8, 5, 19; 143.8, 4; 134.9, 2; 131.4, 10; 130.3, 9; 128.4, 8; 
127.6, 7; 127.0, 1; 124.0, 6; 123.2, 3; 105.6, 11; 86.1, 20; 79.2, 
17; 69.3, 12; 43.0, 14; 28.5, 21; 28.0, 18. 
LRMS (ESI) m/z 456.3 [M + H]
+. 
 
2.9.6. tert-Butyl 4-((4-(pyridin-2-yl)piperazin-1-yl)methyl)-3H-
pyrrolo[2,3-c]quinoline-3-carboxylate 
 
Using general procedure 9, pyrroloquinoline 328 (37 mg, 102.4 µmol, 
1.0  eq.),  1-(pyridine-2-yl)piperazine  (343)  (25  µL,  166.1  µmol, 
1.6 eq.), K2CO3 (23 mg, 166.1 µmol, 1.6 eq.) and MeCN (0.5 mL) were 
stirred  for  1  h  and  purified  on  deactivated  silica  gel  (10-50% 
EtOAc in petrol) to afford pyrroloquinoline 343 as an oil (40 mg, 
88%). 
N
Boc
N
Br
N
Boc
N
N
K2CO3,
CH3CN, 1 h
N N
HN
N N +
328
338
343  189	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IR (v, cm
-1) 1755, 1590, 1306, 796. 
1H NMR (400 MHz, CHLOROFORM-d) δ ppm 8.18 (3H, m) 6, 9, 16; 7.71 
(1H, d, J=3.5 Hz) 10; 7.66 (1H, ddd, J=8.4, 6.9, 1.5 Hz) 8; 7.59 
(1H, ddd, J=8.1, 6.9, 1.2 Hz) 7; 7.42 (1H, ddd, J=8.6; 7.1; 2.0 Hz) 
18; 7.07 (1H, d, J=3.5 Hz) 11; 6.60-6.55 (2H, m) 17, 19; 4.37 (2H, 
s) 12; 3.40 (4H, t, J=5.0 Hz) 14; 2.43 (4H, t, J=5.0 Hz) 13; 1.69 
(9H, s) 22. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 159.6, 15; 148.63, 148.56, 5, 
20; 147.9, 16; 143.0, 4; 137.3, 18; 133.7, 2; 130.1, 10; 129.2, 9; 
127.3, 8; 127.1, 1; 126.1, 7; 122.8, 6; 122.4, 3; 113.1, 17; 107.0, 
19; 103.8, 11; 84.2, 21; 65.6, 12; 52.6, 13; 45.3, 14; 28.1, 22. 
HRMS (ESI) m/z for C26H29N5O2 calcd. 444.2394, found 444.2392 [M + 
H]
+. 
 
2.9.7. tert-Butyl 4-((4-(pyrimidin-2-yl)piperazin-1-yl)methyl)-3H-
pyrrolo[2,3-c]quinoline-3-carboxylate (342) 
 
Using general procedure 9, pyrroloquinoline 328 (40 mg, 110.7 µmol, 
1.0  eq.),  2-(piperazin-1-yl)pyrimidine  (337)  (30  mg,  182.7  µmol, 
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1.7 eq.), K2CO3 (25 mg, 180.9 µmol, 1.6 eq.) and MeCN (0.5 mL) were 
stirred  for  1  h  and  purified  on  deactivated  silica  gel  (10-50% 
EtOAc  in  petrol)  to  afford  pyrroloquinoline  342  as  an  oil  (50 
mg, >99%). 
 
MP decomp. 140 
oC 
IR (v, cm
-1) 1752, 1583, 1546, 1477. 
1H  NMR  (400  MHz,  CHLOROFORM-d) δ  ppm  8.25  (2H,  d, J=4.7  Hz) 16; 
8.17-8.14 (2H, m) 6, 9; 7.71 (1H, d, J=3.5 Hz) 10; 7.65 (1H, ddd, 
J=8.4, 6.9, 1.5 Hz) 8; 7.58 (1H, ddd, J=8.1, 7.0, 1.2 Hz) 7; 7.07 
(1H,  d,  J=3.6)  11;  6.42  (1H,  t,  J=4.8  Hz)  17;  4.35  (2H,  s)  12; 
3.68 (4H, t, J=5.0 Hz) 14; 2.38 (4H, t, J=5.1 Hz) 13; 1.68 (9H, s) 
20. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 161.7, 15; 157.6, 16; 148.7, 
148.6, 5, 18; 143.0, 4; 133.8, 2; 130.2, 10; 129.2, 9; 127.4, 8; 
127.1, 1; 126.2, 7; 122.9, 6; 122.4, 3; 109.7, 17; 103.9, 11; 84.2, 
19; 65.7, 12; 52.7, 13; 43.8, 14; 28.1, 20. 
HRMS (ESI) m/z for C25H28N6O2 calcd. 445.2347, found 445.2348 [M + 
H]
+. 
 
2.10. Huisgen Cycloaddition 
2.10.1. Dimethyl 1-((3-(tert-butoxycarbonyl)-3H-pyrrolo[2,3-
c]quinolin-4-yl)methyl)-1H-1,2,3-triazole-4,5-dicarboxylate (347) 
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A Reacti-Vial was charged with a magnetic stirrer bar, azide 345 
(35 mg, 108.2 µmol, 1.0 eq.), dimethyl acetylenedicarboxylate (346) 
(20 µL, 162.3 µmol, 1.5 eq.) and EtOH (0.5 mL) and the mixture 
stirred at reflux for 2 h.  The reaction mixture was concentrated 
in vacuo and purified on silica gel (10-30% EtOAc in petrol) to 
afford pyrroloquinoline 347 as a white solid (18 mg, 36%). 
 
MP decomp. 132 
OC. 
IR (v, cm
-1) 1726, 1355, 1304, 1149, 1126, 1021, 747. 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  8.11-8.08  (1H,  m)  6;  7.89-
7.87 (1H, m) 9; 7.81 (1H, d, J=3.6 Hz) 10; 7.60-7.53 (2H, r ddd) 7, 
8; 7.11 (1H, d, J=3.6 Hz) 11; 6.67 (2H, s) 12; 4.03 (3H, s), 3.81 
(3H, s) 16, 18; 1.71 (9H, s) 21. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 160.8, 159.8, 15, 17; 149.0 
19; 142.6, 4; 140.6, 5; 138.8, 13; 134.4, 2; 133.4, 14; 129.9, 10; 
129.2, 9; 127.7, 8; 126.8, 7; 125.7, 1; 122.7, 6; 122.0, 3; 105.2, 
11; 85.6, 20; 55.8, 12; 52.9, 52.5, 16, 18; 28.0, 21. 
LRMS (ESI) m/z 466.2 [M + H]
+. 
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HRMS (ESI) (ESI) m/z for C23H23N5O6 calcd. 466.1713, found 466.1714 
[M + H]
+. 
 
2.11. N-Boc Deprotections 
2.11.1. Bis-Boc-adenine 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
tris-Boc  adenine  (2.70g,  6.207  mmol,  1.0  eq.)  sat.  aq.  NaHCO3 
solution (27 mL) and MeOH (60 mL) and the mixture stirred at 50 
oC 
for 1h.  MeOH was removed in vacuo, the aqueous transferred to a 
separatory  funnel  and  extracted  with  CH2Cl2  as  required,  the 
organics  dried  (MgSO4),  concentrated  in  vacuo  and  purified  on 
silica  gel  (EtOAc)  to  afford  bis-Boc  adenine  as  a  white  foam 
(1.80g, 87%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
109 
 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  (Two  resonance  structures) 
13.30 (1H, br. s) 6; 8.89 (1H, s) 1; 8.54 (1H, br. s), 8.50 (1H, 
br. s) 5; 1.52 (9H, s), 1.40 (9H, s) 9. 
 
2.11.2. Marinoquinoline A (217) 
N
N
N
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N
N(Boc)2
N
N
N
H
N
N(Boc)2
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Chemical Formula: C15H21N5O4
Molecular Weight: 335.36  193	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Using  general  procedure  10A,  pyrroloquinoline  315  (28  mg,  99.17 
µmol, 1.0 eq.), NaOMe (25% solution in MeOH) (43 µL, 198.3 µmol, 
2.0 eq.) and THF were stirred for 1 h and purified on silica gel 
(30-60%  EtOAc  in  petrol)  to  afford  marinoquinoline  A  (217)  as  a 
white solid (17 mg, 94%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
75 
 
1H NMR (400 MHz, ACETONE-d6) δ ppm 11.19 (1H, br. s) 10; 8.24 (1H, 
m) 6, 8.02-7.99 (1H, m) 9; 7.58 (1H, d, J=2.9 Hz) 11; 7.53-7.48 
(2H, m) 7, 8; 7.12 (1H, d, J-3.0 Hz) 12; 2.84 (3H, s) 13. 
13C NMR (100 MHz, ACETONE-d6) δ ppm 146.8, 5; 143.6, 4; 129.8, 9; 
128.4, 1; 127.2, 11; 126.1, 8; 125.7, 7; 124.2, 3; 123.7, 6; 102.0, 
12; 21.2, 13. 
 
2.11.3. Marinoquinoline B (218) 
 
Using  general  procedure  10A,  pyrroloquinoline  316  (38  mg,  117.1 
µmol, 1.0 eq.), NaOMe (25% solution in MeOH) (51 µL, 234.2 µmol, 
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2.0 eq.) and THF were stirred for 1 h and purified on silica gel 
(30-60%  EtOAc  in  petrol)  to  afford  marinoquinoline  B  (218)  as  a 
white solid (24 mg, 92%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
75 
 
1H NMR (400 MHz, ACETONE-d6) δ ppm 11.11 (1H, br. s) 10; 8.24-8.21 
(1H,  m)  6;  8.03-8.0  (1H,  m)  9;  7.56  (1H,  apt.  t,  J=2.8  Hz)  11; 
7.54-7.47 (2H, m) 7, 8; 7.12 (1H, dd, J=2.9, 1.9 Hz) 12; 3.06 (2H, 
d, J=7.3 Hz) 13; 2.44 (1H, apt. spt., J=6.8 Hz) 14; 1.00 (6H, d, 
J=6.6 Hz) 15. 
13C NMR (100 MHz, ACETONE-d6) δ ppm 144.8, 5; 130.1, 4; 129.9, 9; 
128.6, 2; 127.0, 11; 126.0, 8; 125.6, 7; 124.1, 3; 123.7, 6; 101.9, 
12; 44.1, 13; 29.0, 14; 23.0, 15. 
 
2.11.4. Marinoquinoline C (221) 
 
Using  general  procedure  10A,  pyrroloquinoline  314  (27  mg,  75.33 
µmol, 1.0 eq.), NaOMe (25% solution in MeOH) (33 µL, 150.7 µmol, 
2.0 eq.) and THF were stirred for 1 h and purified on silica gel 
(20-50%  EtOAc  in  petrol)  to  afford  marinoquinoline  C  (221)  as  a 
white solid (19 mg, 97%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, ACETONE-d6) δ ppm 11.05 (1H, br. s) 10; 8.25-8.23 
(1H, m), 8.07-8.04 (1H, m) 6,9; 7.56-7.49 (3H, m) 7, 8, 11; 7.44-
7.41 (2H, m) 15; 7.26-7.22 (2H, m) 16; 7.17-7.15 (1H, m) 17; 7.13 
(1H, dd, J=3.0, 1.9 Hz) 12; 4.56 (2H, s) 13;  
13C NMR (100 MHz, ACETONE-d6) δ ppm 148.9, 4
o; 143.8, 4
o; 139.9, 4
o; 
130.2, 3
o; 129.7, 15/16; 129.3, 14; 129.2, 15/16; 127.4, 3
o; 127.1, 
3
o; 126.2, 3
o; 125.9, 3
o; 124.2, 4
o; 123.7, 3
o; 102.1, 12; 41.6, 13. 
 
 
2.11.5. Marinoquinoline E (221) 
 
Using  general  procedure  10A,  pyrroloquinoline  317  (19  mg,  49.55 
µmol, 1.0 eq.), NaOMe (25% solution in MeOH) (22 µL, 99.10 µmol, 
2.0 eq.) and THF were stirred for 1 h and purified on silica gel 
(50-100% EtOAc in petrol) to afford marinoquinoline E (221) as a 
white solid (6 mg, 46%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, ACETONE-d6) δ ppm 10.98 (1H, br. s); 10.82 (1H, 
br. s); 8.79-8.76 (1H, m); 8.28 (1H, m); 8.26 (1H, m); 8.18-8.16 
(1H, m); 7.61 (1H, t, J=2.6 Hz); 7.59-7.49 (3H, m); 7.27-7.19 (3H, 
m). 
 
 
 
 
 
 
2.11.6. Aplidiopsamine A (216) 
 
Using  general  procedure  10B,  pyrroloquinoline  327  (25  mg,  41.55 
µmol,  1.0  eq.)  and  4M  HCl  in  dioxane  were  stirred  for  4  h  and 
purified  on  silica  gel  (5-10%  MeOH  in  CH2Cl2)  to  afford 
aplidiopsamine A (216) as a white solid (12 mg, 97%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, DMSO-d6) δ ppm 12.55, (1H, br. s) 10; 8.73 (1H, s) 
14;  8.34-8.31  (1H,  m)  6  8.16  (1H,  s)  18;  8.05  (2H,  br.  s)  19; 
8.00-7.98 (1H, m) 9; 7.88 (1H, t, J=2.8 Hz) 11; 7.60 (2H, m) 7, 8; 
7.27 (1H, dd, J=2.8, 1.8 Hz) 12; 6.04 (2H, s) 13. 
13C NMR (100 MHz, DMSO-d6) δ ppm 159.6, 17; 152.4, 18; 152.2, 16; 
145.7, 14; 143.1, 5; 140.6, 4; 129.4, 2; 129.1, 11; 28.2, 9; 126.6, 
1; 126.4, 7; 126.2, 8; 123.4, 6; 123.2, 3; 111.8, 15; 101.8, 12; 
48.4, 13. 
LRMS (ESI) m/z 316.1 [M + H]
+, 653.3 [2M + H]
+. 
 
2.11.7. Dimethyl 1-((3H-pyrrolo[2,3-c]quinolin-4-yl)methyl)-1H-
1,2,3-triazole-4,5-dicarboxylate (352) 
 
Using general procedure 10C, triazole 347 (14 mg, 30.08 µmol) was 
heated to 120 
oC for 6 h.  The resulting black solid was purified 
on silica gel (50-100% Et2O in petrol) to afford pyrroloquinoline 
352 a pale yellow solid (9 mg, 81%). 
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MP decomp. 159 
oC. 
IR (v, cm
-1) 3090, 2802, 1112, 747. 
1H NMR (400 MHz, ACETONE-d6) δ ppm 11.48 (1H, br. s) 10; 8.29-8.27 
(1H, m) 6; 7.86-7.84 (1H, m) 9; 7.75 (1H, t, J=2.8 Hz) 11; 7.58-
7.51 (2H, r. ddd, J=) 7, 8; 7.23 (1H, dd, J=3.0, 1.9 Hz) 12; 6.48 
(2H, s) 13; 3.93 (3H, s), 3.81 (3H, s) 17, 19. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 161.5, 160.3, 16, 18; 142.8, 
4; 141.4, 5; 140.2, 14; 133.2, 15; 130.1, 2, 9; 128.6, 11; 127.4, 
1; 126.9, 7; 126.7, 8; 124.4, 3; 123.9, 6; 102.4, 12; 53.5, 52.7, 
17, 19; 52.6, 13. 
LRMS (ESI) m/z 366.0 [M + H]
+. 
HRMS (ESI) m/z for C18H15N5O4 calcd. 366.1197, found 366.1201 [M + 
H]
+. 
 
2.11.8. 4-((3H-pyrrolo[2,3-c]quinolin-4-yl)methyl)morpholine (351) 
 
Using general procedure 10A, morpholine 344 (24 mg, 65.32 µmol 1.0 
eq.), NaOMe (25% solution in MeOH) (29 µL, 130.6 µmol, 2.0 eq.) 
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and THF (1 mL) were stirred for 1 h to afford pyrroloquinoline 351 
as an off white solid (16 mg, 92%). 
 
MP decomp. 136 
oC. 
IR (v, cm
-1) 2801, 1112, 747. 
1H  NMR  (400  MHz,  CHLOROFORM-d)  δ  ppm  10.51  (1H  br.  s,  1H)  10; 
8.22-8.19 (1H, m) 6; 8.14-8.11 (1H, m) 9; 7.16 (2H r. ddd) 7, 8; 
7.45 (1H, d, J=2.8 Hz) 11; 7.06 (1H, d, J=2.8 Hz) 12; 4.18 (2H, s) 
13; 3.8 (1H, t, J=4.6 Hz) 15; 2.64 (1H, t, J=4.4 Hz) 14. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 145.4, 5; 142.3, 4; 129.0, 9; 
128.6, 2; 128.3, 1; 126.0, 8; 125.7, 7; 125.5, 11; 123.4, 3; 122.8, 
6; 101.3, 12; 67.1, 15; 65.3, 13; 54.0, 14. 
LRMS (ESI) m/z 268.1 [M + H]
+ 
HRMS  (ESI)  m/z  for  C16H17N3O  calcd.  268.1444,  found  268.1448  [M  + 
H]
+. 
 
2.11.9. 4-((4-(Pyrimidin-2-yl)piperazin-1-yl)methyl)-3H-
pyrrolo[2,3-c]quinolone (349) 
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Using  general  procedure  10A,  piperazine  342  (25  mg,  55.35  µmol, 
1.0 eq.), NaOMe (25% solution in MeOH) (24 µL, 110.7 µmol, 2.0 eq.) 
and  CH2Cl2  (0.5  mL)  were  stirred  for  1  h.    Purification  on 
deactivated  silica  gel  (30-70%  EtOAc  in  petrol)  afforded 
pyrroloquinoline 349 (11 mg, 58%) as a white solid. 
 
MP decomp. 208 
oC 
IR (v, cm
-1) 1582, 1544, 1484, 1356. 
1H  NMR  (400  MHz,  CHLOROFORM-d) δ  ppm  11.20  (1H,  br.  s) 10;  8.33 
(2H, d, J=4.8 Hz) 17; 8.27-8.25 (1H, m) 6; 8.04-8.02 (1H, m) 9; 
7.56-7.51 (3H, m) 7, 8, 11; 7.12 (1H, dd, J=2.9, 2.1 Hz) 12; 6.57 
(1H, t, J=4.7 Hz) 18; 4.14 (2H, s) 13; 3.91 (4H, t, J=5.1 Hz) 15; 
2.63 (4H, t, J=5.1 Hz) 14. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 162.8, 16; 158.6, 17; 147.3, 
5; 143.4, 4; 130.3, 9; 129.2, 129.1, 1, 2; 127.2, 11; 126.1, 7, 8; 
124.6, 3; 123.7, 6; 110.8, 18; 101.3, 12; 65.4, 13; 54.3, 14; 44.3, 
15. 
LRMS (ESI) m/z 345.1 [M + H]
+. 
HRMS (ESI) m/z for C20H20N6 calcd. 345.1822, found 345.1824 [M + H]
+. 
 
2.11.10. 4-((4-(Pyridin-2-yl)piperazin-1-yl)methyl)-3H-
pyrrolo[2,3-c]quinolone (350) 
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Using  general  procedure  10A,  piperazine  343  (20  mg,  45.09  µmol, 
1.0 eq.), NaOMe (25% solution in MeOH) (20 µL, 90.18 µmol, 2.0 eq.) 
and  CH2Cl2  (0.5  mL)  were  stirred  at  -78 
oC-rt  for  1  h.  
Purification  on  deactivated  silica  gel  (30-70%  EtOAc  in  petrol) 
afforded pyrroloquinoline 350 (13 mg, 84%) as a yellow oil. 
 
MP decomp. 219 
oC 
IR (v, cm
-1) 3372, 2822, 1593, 1480, 1436. 
1H  NMR  (400  MHz,  ACETONE-d-6) δ  ppm  11.17  (1H,  br.  s) 10;  8.27-
8.25 (1H, m) 6; 8.12 (1H, ddd, J=4.9, 2.0, 0.9 Hz) 20; 8.04-8.02 
(1H, m) 9; 7.55-7.48 (4H, m) 7, 8, 11, 18; 7.11 (1H, dd, J=2.9, 
2.0 Hz) 12; 6.78 (1H, apt. d, J=8.6 Hz) 17; 6.61 (1H, ddd, J=7.1, 
4.9, 0.7 Hz) 19; 4.15 (2H, s) 13; 3.64 (4H, t, J=5.2 Hz) 15; 2.68 
(4H, t, J=5.0 Hz) 14. 
13C NMR (100 MHz, ACETONE-d-6) δ ppm 160.5, 16; 148.7, 20; 147.3, 5; 
143.4, 4; 138.1, 18; 130.3, 9; 129.2, 2; 127.2, 11; 126.1, 7, 8; 
124.6,  3;  123.7,  6;  113.8,  19;  107.7,  17;  101.3,  12;  65.5,  13; 
54.2, 14; 45.7, 15. 
LRMS (ESI) m/z 344.1 [M + H]
+. 
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HRMS (ESI) m/z for C21H22N5 calcd. 344.1870, found 344.1864 [M + H]
+. 
 
2.11.11. (3H-pyrrolo[2,3-c]quinolin-4-yl)methanol (348) 
 
Using  general  procedure  10A,  ester  341  (50  mg,  109.8  µmol,  1.0 
eq.), NaOMe (25% solution in MeOH) (47 µL, 219.5 µmol, 2.0 eq.) 
and THF (1 mL) were stirred at -78 
oC-rt for 1 h.  Purification on 
silica gel (30-80% EtOAc in petrol) afforded pyrroloquinoline 348 
(22 mg, >99%) as a white solid. 
 
MP decomp. 150 
oC 
IR (v, cm
-1) 3104, 2798. 
1H NMR (400 MHz, ACETONE-d6) δ ppm 11.10 (1H, br. s) 10; 8.29-8.25 
(1H, m) 6; 8.05-8.01 (1H, m) 9; 7.61 (1H, t, J=2.8 Hz) 11; 7.57-
7.52 (2H, r. ddd) 8, 9; 7.15 (1H, dd, J=2.9, 1.9 Hz) 12; 5.13 (2H, 
s) 13; 4.98 (1H, br. s) 14. 
13C NMR (100 MHz, ACETONE-d6) δ ppm 149.0, 5; 142.7, 4; 129.9, 9; 
129.5, 2; 127.9, 1; 127.7, 11; 126.3, 8; 126.1, 7; 124.4, 3; 123.8, 
6; 101.6, 12; 64.8, 13. 
LRMS (ESI) m/z 198.9
 
HRMS  (ESI)  m/z  for  C12H10N2O  calcd.  199.0866,  found  199.0867  [M  + 
H]
+. 
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2.12. Ester Hydrogenolysis 
2.12.1. Bis Boc adenine acetic acid (323) 
 
Using general procedure 5A, ester (120 mg, 248.2 µmol, 1.0 eq.), 
10%  palladium  on  activated  carbon  (9  mg)  and  EtOH  (7  mL)  were 
stirred for 14 h to afford acid 323 as a white foam (89 mg, 90%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
177 
 
1H  NMR  (400  MHz,  CHLOROFORM-d) δ  ppm  10.63  (1H,  br.  s) 11;  8.88 
(1H, s) 1; 8.45 (1H, s) 5; 5.09 (1H, s) 6; 1.39 (18H, s) 10. 
13C NMR (400 MHz, CHLOROFORM-d) δ ppm 167.7, 7; 153.2, 4; 152.2, 1; 
150.0, 8; 149.8, 2; 146.5, 5; 127.5, 3; 84.2, 9; 44.5, 6; 27.7, 10. 
	 ﾠ
2.13. Miscellaneous Reactions 
2.13.1. Ethyl 1H-pyrrole-2-carboxylate (333) 
 
Using general procedure 2, pyrrole-2-carboxylic acid (302) (112 mg, 
1.008  mmol,  1.0  eq.),  DMAP  (6  mg,  49.11  µmol,  0.050  eq.),  EtOH 
(1.5 mL) and DIC (188 µL, 1.201 mmol, 1.2 eq.) were stirred at 0 
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oC-rt for 12 h and purified on silica gel (5-15% EtOAc in petrol) 
afforded ester as a white solid (126 mg, 91%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.32 (1H, br. s) 5; 6.96 (1H, 
td, 2.7, 1.5 Hz) 3; 6.93 (1H, ddd, 3.8, 2.4, 1.4 Hz) 1; 6.27 (1H, 
dt, 3.7, 2.6 Hz) 2; 4.34 (2H, q, J=7.1 Hz) 7; 1.37 (3H, t, J=7.1 
Hz) 8. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 161.3, 6; 123.0, 4; 122.7, 3; 
115.1, 1; 110.3, 2; 60.3, 7; 14.4, 8. 
 
2.13.2. 1-tert-Butyl 2-ethyl 1H-pyrrole-1,2-dicarboxylate 
 
Using general procedure 1, pyrrole (126 mg, 0.9055 mmol, 1.0 eq.), 
DMAP (13 mg, 106.4 µmol, 0.10 eq.), CH2Cl2 (1 mL) and Boc2O (242 mg, 
1.109 mmol, 1.2 eq.) were stirred for 12 hand purified on silica 
gel (3% EtOAc in petrol) afforded N-Boc ester 333 as a colourless 
oil (214 mg, 99%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.30 (1H, dd, J=3.1, 1.7 Hz) 
1; 6.82 (1H, dd, J=3.5, 1.7 Hz) 3; 6.15 (1H, t, J=7.1 Hz) 2; 4.30 
(2H, q, J=7.1 Hz) 9; 1.58 (9H, s) 7; 1.34 (3H, t, J=7.1 Hz) 10. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 160.8, 8; 148.3, 5; 126.5, 1; 
125.5, 4; 120.5, 3; 110.0, 2; 84.6, 6; 60.7, 9; 27.6, 7; 14.2, 10. 
 
2.13.3. Benzyl 1H-pyrrole-2-carboxylate 
 
Using  general  procedure  2,  acid  (302)  (111  mg,  0.9991  mmol,  1.0 
eq.), DIC (0.34 mL, 2.171 mmol, 2.2 eq.) DMAP (12 mg, 98.22 µmol, 
0.10  eq.)  BnOH  (0.21  mL,  2.027  mmol,  2.0  eq.)  and  CH2Cl2  (5  mL) 
were stirred for 16 h and purified on silica gel (0-20% EtOAc in 
petrol) to afford the ester as a white solid (193 mg, 96%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.24 (1H, br. s) 5; 7.45-7.35 
(5H, m) 9-11; 6.99 (1H, ddd, J=3.8, 2.4, 1.4 Hz), 6.96 (1H, td, 
J=4.1, 1.5 Hz) 1, 3; 6.28 (1H, td, J=3.7, 2.6 Hz) 2; 5.33 (2H, s) 
7. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 160.9, 6; 136.1, 4; 128.6, 
128.2, 128.1, 9-11; 123.0, 1; 122.6, 8; 115.6, 3; 110.5, 2; 66.0, 
7. 
 
2.13.4. 2-Benzyl 1-tert-butyl 1H-pyrrole-1,2-dicarboxylate 
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Using general procedure 1, pyrrole (186 mg, 0.9244 mmol, 1.0 eq.), 
Boc2O (303 mg, 1.388 mmol, 1.5 eq.), Et3N (102 µL, 1.388 mmol, 1.5 
eq.),  DMAP  (6  mg,  49.11  µmol,  0.050  eq.)  and  CH2Cl2  (4  mL)  were 
stirred for 12 h and purified on silica gel (0-20% Et2O in petrol) 
to afford ester 334 as an oil (259 mg, 93%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 7.44-7.33 (5H, m) 8-10; 6.90 
(1H, dd, J=3.5, 1.8 Hz) 3; 6.18 (1H, apt. t, J=3.3 Hz) 2; 5.3 (2H, 
s) 6; 1.56 (9H, s) 13. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 160.5, 5; 148.3, 11; 136.0, 7; 
128.5, 128.1, 8-10; 126.9, 1; 125.1, 4; 121.2, 3; 110.1, 2; 84.8, 
12; 66.5, 6; 27.6, 13. 
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3. Experimental Procedures for Chapter 3 
3.1. General Procedures 
General Procedure 1 – Phenol Acylation/Sulfonylation 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
and aldehyde (1.0 eq.), acetic anhydride/toluenesulfonyl chloride 
(1.2  eq.),  Et3N  (1.2  eq.),  DMAP  (0.10  eq.)  and  CH2Cl2  (2  mL/mmol 
aldehyde)  were  stirred  under  Ar  for  the  specified  time.    Upon 
completion  (as  indicated  by  TLC)  the  reaction  mixture  was 
concentrated  in  vacuo  and  purified  on  silica  gel  (EtOAc/Et2O  in 
petrol) to afford the desired products. 
 
General procedure 2 – Aldehyde Reduction 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
aldehyde  (1.0  eq.),  EtOH  (10  mL/mmol  aldehyde)  and  the  reaction 
mixture  cooled  to  0 
oC.    Portion  wise,  NaBH4  (1.0-4.0  eq.)  was 
added and the reaction mixture stirred at 0 
oC for the specified 
time.  Upon completion (as indicated by TLC), the reaction mixture 
was diluted with EtOH, water, and the pH adjusted to ca. 5.  The 
mixture was transferred to a separatory funnel and extracted with 
CH2Cl2 as required.  The organic phase was washed with brine, dried 
over MgSO4 and concentrated in vacuo.  The resulting products were 
purified  on  silica  gel  (EtOAc/Et2O  in  petrol)  as  required  to 
afford the desired products. 
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General Procedure 3 – Allylative Cyclizations 
 
Using  the  Tamaru  method,
145  an  oven-dried  3-necked  round-bottomed 
flask was charged with a magnetic stirrer bar, H-Trp-OMe (1.0 eq.), 
alcohol  (1.2  eq.),  Pd(PPh3)4  (0.050  eq.),  and  purged  with  Ar  in 
vacuo.    Via  syringe,  anhydrous  THF  (2.5  mL/mmol  H-Trp-OMe)  and 
slowly,  Et3B  solution  (1M  in  hexanes,  1.2  eq.)  were  added.    The 
reaction mixture was stirred for the specified time, diluted with 
EtOAc, washed with sat. aq. NaHCO3 solution, dried over Na2SO4 and 
concentrated in vacuo.  The resulting oils were purified on silica 
gel (EtOAc in petrol) to afford the desired products. 
 
3.2. O-TBS Protection 
3.2.1. (E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-
methoxyphenyl)acrylaldehyde 
 
A  round-bottomed  flask  was  charged  with  a  magnetic  stirrer  bar, 
and aldehyde (150 mg, 0.8418 mmol, 1.0 eq.), TBSCl (254 mg, 1.684 
mmol, 2.0 eq.), imidazole (115 mg, 1.684 mmol, 2.0 eq.), DMAP (10 
mg, 84.18 µmol, 0.10 eq.) and DMF (1.4 mL) were stirred for 14 h.  
The  reaction  mixture  was  concentrated  in  vacuo  and  purified  on 
silica gel (10-20% Et2O in petrol) to afford TBS ether as a white 
solid (174 mg, 71%). 
Spectroscopic  data  are  consistent  with  that  reported  in  the 
literature.
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1H NMR (400 MHz, CHLOROFORM-d) δ ppm 9.66 (1H, d, J=7.8 Hz) 10; 
7.41 (1H, d, J=15.8 Hz) 8; 7.08 (1H, dd, J=8.2, 2.1 Hz) 4; 7.06 
(1H, dd, J=3.1, 2.1 Hz) 6; 6.89 (1H, d, J=7.9 Hz) 3; 6.61 (1H, dd, 
J=15.8, 7.7 Hz) 9; 3.85 (3H, s) 7; 1.00 (9H, s) 13; 0.19 (6H, s) 
11. 
13C NMR (100 MHz, CHLOROFORM-d) δ ppm 193.6 10; 153.0 8; 151.4 1; 
148.5 2; 127.9 5; 126.7 9; 123.1 4; 121.2 3; 111.0 6; 55.4 7; 25.6 
13; 18.5 12; -4.6 11. 
 
3.3. O-Acylation/Sulfonylation 
3.3.1. (E)-2-methoxy-4-(3-oxoprop-1-en-1-yl)phenyl acetate (483) 
 
Using general procedure 1, aldehyde 476 (199 mg, 1.117 mmol, 1.0 
eq.), Ac2O (127 µL, 1.347 mmol, 1.2 eq.), Et3N (188 µL, 1.347 mmol, 
1.2 eq.), DMAP (14 mg, 112.2 µmol, 0.10 eq.) and CH2Cl2 (2 mL) were 
stirred for 30 min and purified on silica gel (30% EtOAc in petrol) 
to afford acetate 483 as a white solid (246 mg, 100%). 
Spectroscopic data are consistent with that reported in the 
literature.
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Chemical Formula: C16H24O3Si
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Chemical Formula: C12H12O4
Molecular Weight: 220.22	 ﾠ 210	 ﾠ
1H NMR (400 MHz CHLOROFORM-d) δ ppm 9.70 (1H, d, J=7.6 Hz) 10; 
7.44 (1H, d, J=15.9 Hz) 8; 7.18-7.09 (3H, m) 3, 4, 6; 6.67 (1H, dd, 
J=16.0, 7.6 Hz) 9; 3.87 (3H, s) 7; 2.33 (3H, s) 12. 
13C NMR (100 MHz CHLOROFORM-d) δ ppm 193.4, 10; 168.6, 11; 151.8, 8; 
151.5, 1; 142.2, 2; 132.9, 5; 128.7, 9; 123.4, 3; 121.8, 111.3, 4, 
6; 55.9, 7; 20.6, 12. 
 
3.3.2. (E)-2-methoxy-4-(3-oxoprop-1-en-1-yl)phenyl 4-
methylbenzenesulfonate (484) 
 
Using general procedure 1, aldehyde 476 (200 mg, 1.122 mmol, 1.0 
eq.), TsCl (257 mL, 1.346 mmol, 1.2 eq.), Et3N (188 µL, 1.346 mmol, 
1.2 eq.), DMAP (14 mg, 112.2 µmol, 0.10 eq.) and CH2Cl2 (2 mL) were 
stirred for 45 min and purified on silica gel (50-100% EtOAc in 
petrol) to afford tosylate 484 as a pale yellow solid (365 mg, 
98%). 
 
MP 106-108 
oC 
IR (v, cm 
-1) 3014, 1672, 1367, 1176, 1148, 1131, 1113, 1088, 1032. 
1H NMR (400 MHz CHLOROFORM-d) δ ppm 9.70 (1H, d, J=7.6 Hz) 10; 
7.78 (2H, dt, J=8.5, 2.8 Hz) 13; 7.41 (1H, d, J=15.9 Hz) 8; 7.33 
(1H, dd, J=8.6, 0.6 Hz) 14; 7.22 (1H, d, J=8.3 Hz) 3; 7.12 (1H, dd, 
J=8.4, 1.9 Hz) 4; 7.02 (1H, d, J=1.9 Hz) 6; 6.65 (1H, dd, J=16.0, 
7.6 Hz) 9; 3.63 (3H, s) 7; 2.47 (3H, s) 16. 
TsO
MeO
O
HO
MeO
O TsCl, Et3N, DMAP,
CH2Cl2, 45 min
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Chemical Formula: C17H16O5S
Molecular Weight: 332.37  211	 ﾠ
13C NMR (100 MHz CHLOROFORM-d) δ ppm 193.2, 10; 152.3, 1; 151.2, 8; 
145.3, 15; 140.4, 2; 133.8, 5; 133.1, 12; 129.5, 14; 129.3, 9; 
128.6, 13; 124.6, 3; 121.6, 4; 111.6, 6; 55.7, 7; 21.7, 16. 
HRMS (ESI) m/z for C17H16O5S calcd. 333.0791, found 333.0794 [M + 
H]
+. 
 
3.4. Aldehyde Reductions 
3.4.1. (E)-4-(3-hydroxyprop-1-en-1-yl)-2-methoxyphenol (477) 
 
Using general procedure 2, aldehyde 476 (178 mg, 1.000 mmol, 1.0 
eq.), NaBH4 (95 mg, 2.500 mmol, 2.5 eq.) and EtOH (10 mL) were 
stirred at 0 
oC for 30 min and purified on silica gel (20-50% 
EtOAc in petrol) to afford alcohol 477 as a colourless oil (175 mg, 
97%), which was used without further purification. 
Spectroscopic data are consistent with that reported in the 
literature.
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1H NMR (400 MHz ACETONE-d6) δ ppm 7.59 (1H, s) 7; 7.05 (1H, d, 
J=1.9 Hz) 6; 6.86 (1H, dd, J=8.1, 1.9 Hz) 4; 6.77 (1H, d, J=8.1 Hz) 
3; 6.50 (1H, dt, J=15.9, 1.5 Hz) 9; 6.23 (1H, dt, J=15.9, 5.5 Hz) 
10; 4.19 (1H, td, J=8.4, 1.6 Hz) 11; 3.86 (3H, s) 8. 
13C NMR (100 MHz ACETONE-d6) δ ppm 148.5, 1; 147.2, 2; 130.4, 9; 
130.3, 5; 128.2, 10; 120.7, 4; 115.8, 3; 110.1, 6; 63.5, 11; 56.2, 
8. 
 
 
HO
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O
HO
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OH NaBH4, EtOH
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Molecular Weight: 180.20	 ﾠ 212	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3.4.2. (E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-
methoxyphenyl)prop-2-en-1-ol (479) 
 
Using general procedure 2, aldehyde (174 mg, 0.595 mmol, 1.0 eq.), 
NaBH4 (90 mg, 2.380 mmol, 4.0 eq.) and EtOH (6 mL) were stirred at 
0 
oC for 1.5 h to afford alcohol 479 as a colourless oil (170 mg, 
97%), which was used without further purification. 
Spectroscopic data are consistent with that reported in the 
literature.
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1H NMR (400 MHz CHLOROFORM-d) δ ppm 6.91 (1H, d, J=2.0 Hz) 6; 6.85 
(1H, dd, J=8.1, 1.9 Hz) 4; 6.80 (1H, d, J=8.1 Hz) 3; 6.54 (1H, td, 
J=15.8, 1.4 Hz) 8; 6.24 (1H, td, J=15.8, 6.0 Hz) 9; 4.30 (2H, dd, 
J=6.0, 1.4 Hz) 10; 3.82 (3H, s) 7; 1.00 (9H, s) 14; 0.16 (6H, s) 
12. 
13C NMR (100 MHz CHLOROFORM-d) δ ppm 151.0, 1; 145.0, 2; 131.3, 8; 
130.6, 5; 126.5, 9; 120.9, 3; 119.6, 4; 109.9, 6; 63.8, 10; 55.4, 
7; 25.7, 14; 18.4, 13; -4.7, 12. 
 
3.4.3. (E)-4-(3-hydroxyprop-1-en-1-yl)-2-methoxyphenyl acetate 
(485) 
 
Using general procedure 2, aldehyde 483 (576 mg, 2.616 mmol, 1.0 
eq.), NaBH4 (247 mg, 6.540 mmol, 2.5 eq.) and EtOH (6 mL) were 
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Chemical Formula: C16H26O3Si
Molecular Weight: 294.46
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stirred at 0 
oC for 30 min and purified on silica gel (50-100% Et2O 
in petrol) to afford alcohol 485 as a colourless oil (558 mg, 96%) 
which was used without further purification. 
Spectroscopic data are consistent with that reported in the 
literature.
184 
 
1H NMR (400 MHz) δ ppm 7.00-6.94 (3H, m) 3, 4, 6; 6.58 (1H, dt, 
J=15.9, 1.5 Hz) 8; 6.31 (1H, dt, J=15.9, 8.5 Hz) 9; 4.32 (2H, d, 
J=5.2 Hz) 10; 3.85 (3H, s) 7; 2.32 (3H, s) 13. 
13C NMR (100 MHz) δ ppm 169.1, 12; 151.1, 1; 139.3, 2; 135.8, 5; 
130.4, 8; 128.9, 9; 122.8, 3; 119.1, 110.1, 4,6; 63.5, 10; 55.8, 7; 
20.6, 13. 
 
3.4.4 (E)-4-(3-hydroxyprop-1-en-1-yl)-2-methoxyphenyl 4-
methylbenzenesulfonate (486) 
 
Using general procedure 2, aldehyde 484 (298 mg, 0.8966 mmol, 1.0 
eq.), NaBH4 (34 mg, 0.9026 mmol, 1.0 eq.) and EtOH (3 mL) were 
stirred at 0 
oC for 1.5 h and purified on silica gel (60% EtOAc in 
petrol) to afford alcohol 486 as a colourless oil (297 mg, 99%) 
which was used without further purification. 
Spectroscopic data are consistent with that reported in the 
literature.
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Chemical Formula: C12H14O4
Molecular Weight: 222.24
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1H NMR (400 MHz CHLOROFORM-d) δ ppm 7.75 (2H, dt, 8.5, 1.8 Hz) 13; 
7.30 (2H, d, J=8.0 Hz) 14; 7.09 (1H, d, J=8.3 Hz) 3; 6.89 (1H, dd, 
J=8.3, 2.0 Hz) 4; 6.84 (1H, d, J=1.9 Hz) 6; 6.55 (1H, dt, J=15.9, 
1.4 Hz) 8; 6.30 (1H, dt, J=15.9, 8.3 Hz) 9; 4.32 (2H, dd, J=5.5, 
1.5 Hz) 10; 3.57 (3H, s) 7; 2.45 (3H, s) 16; 1.62 (1H, br. s) 11. 
13C NMR (100 MHz CHLOROFORM-d) δ ppm 151.8, 1; 145.0, 15; 137.8, 2; 
136.8, 5; 133.2, 12; 129.9, 8; 129.7, 9; 129.3, 14; 128.6, 13; 
124.0, 3; 118.9, 4; 110.3, 6; 63.4, 10; 55.5, 7; 21.6, 16. 
 
3.5. Allylative Cyclizations 
3.5.1. (2S)-methyl 3a-allyl-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-
b]indole-2-carboxylate (455) 
 
Using general procedure 3, H-Trp-OMe
.HCl (316 mg, 1.241 mmol, 1.0 
eq.), allyl alcohol (101 µL, 1.489 mmol, 1.2 eq.), Pd(PPh3)4 (143 
mg, 0.1237 mmol, 0.10 eq.), BEt3 (1M sol. in hexane) (1.5 mL, 
1.500 mmol, 1.2 eq.) and anhydrous THF (2.5 mL) were stirred for 
16 h and purified on silica gel (20-100% EtOAc in petrol) to 
afford pyrroloindole 455 and triphenylphosphine oxide as an 
inseparable mixture as a yellow oil (202 mg, 63% (corrected for 
phosphine oxide contamination based upon 
1H NMR integrations)). 
Spectroscopic data are consistent with that reported in the 
literature.
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1H NMR (400 MHz CHLOROFORM-d) δ ppm 7.02-6.98 (2H, m) 1, 6; 6.69 
(1H, td, J=7.42, 1.0 Hz) 2; 6.54 (1H, dd, J=8.1, 0.8 Hz) 5; 5.69 
(1H, dddd, J=16.9, 10.2, 8.0, 6.6 Hz) 16; 5.09 (2H, m) 15; 4.84 
(1H, s) 8; 3.87 (1H, dd, J=7.8, 3.5 Hz) 11; 3.32 (3H, s) 14; 2.51 
(1H, ddt, J=6.8, 1.4 Hz) 15; 2.47 (1H, dd, J=12.7, 3.3 Hz) 12; 
2.41 (1H, apt. dd, J=13.8, 8.0 Hz) 15’; 2.34 (1H, dd, J=12.7, 7.8 
Hz) 12’. 
LRMS (ESI) 259.1 [M + H]
+ 
 
3.5.2. (2S)-methyl 3a-cinnamyl-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-
b]indole-2-carboxylate (475) 
 
Using general procedure 3, H-Trp-OMe.HCl (71 mg, 0.2795 mmol, 1.0 
eq.), cinnamyl alcohol (45 mg, 0.3354 mmol, 1.2 eq.), Pd(PPh3)4 (16 
mg, 13.98 µmol, 0.10 eq.), BEt3 (1M sol. in hexane) (0.34 mL, 
0.3400 mmol, 1.2 eq.) and anhydrous THF (0.7 mL) were stirred for 
16 h and purified on silica gel (50-100% EtOAc in petrol) to 
afford pyrroloindole 475 as a yellow oil (57 mg, 61% (corrected 
for phosphine oxide contamination based upon 
1H NMR integrations)). 
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Chemical Formula: C15H18N2O2
Molecular Weight: 258.32
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IR (v, cm
-1) 3362, 2948, 1731, 1607, 1483, 1466, 1434. 
1H NMR (400 MHz CHLOROFORM-d) δ ppm 7.23-7.10 (6H, m), 6.98-6.94 
(2H, m) 1, 6, 7, 19, 20, 21; 6.64 (1H, td, J=7.4, 0.9 Hz) 2; 6.49 
(1H, dd, J=8.2, 0.9 Hz) 5; 6.36 (1H, d, J=15.7 Hz) 17; 6.05 (1H, 
ddd, J=15.5, 8.4, 6.9 Hz) 16; 4.82 (1H, s) 8; 3.82 (1H, dd, J=7.5, 
3.2 Hz) 11; 3.26 (3H, s) 14; 2.58 (1H, ddd, J=13.9, 6.6, 1.4 Hz) 
15; 2.53-2.32 (4H, m) 10, 12, 12’, 15’ 
13C NMR (100 MHz CHLOROFORM-d) δ ppm 174.3; 149.5; 137.2; 133.1; 
132.7; 128.50; 128.46; 128.4; 128.3; 127.2; 126.1; 125.8; 123.9; 
118.8; 109.5; 82.4; 60.0; 57.4; 51.8; 41.9; 41.3. 
LRMS (ESI) 335.1 [M + H]
+ 357.0 [M + Na]
+. 
HRMS (ESI) m/z for C21H22N2O2 calcd. 335.1754, found 335.1758 [M + 
H]
+. 
 
3.5.3. (2S)-methyl 3a-((E)-3-(4-((tert-butyldimethylsilyl)oxy)-3-
methoxyphenyl)allyl)-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole-
2-carboxylate (480) 
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Using general procedure 3, H-Trp-OMe.HCl (39 mg, 152.8 µmol, 1.0 
eq.), alcohol 479 (54 mg, 183.4 µmol, 1.2 eq.), Pd(PPh3)4 (9 mg, 
76.12 µmol, 0.10 eq.), BEt3 (1M sol. in hexane) (0.31 mL, 310.0 
µmol, 1.2 eq.) and anhydrous THF (0.4 mL) were stirred for 16 h 
and purified on silica gel (20-100% EtOAc in petrol) to afford 
pyrroloindole 480 as an oil (13 mg, 11% (corrected for phosphine 
oxide contamination based upon 
1H NMR integrations)). 
 
IR (v, cm
-1) 3341, 2991, 1728, 1616. 
1H NMR (400 MHz) δ ppm 7.06-7.02 (2H, m), 6.80-6.77 (3H, m), 6.73 
(1H, td, J=7.4, 0.9 Hz), 6.58 (1H, apt. d, J=7.6 Hz) 1, 2, 5, 6, 
19, 20, 23; 6.37 (1H, apt. d, J-15.5 Hz) 17; 5.98 (1H, ddd, J=15.5, 
8.3, 7.0 Hz) 16; 4.91 (1H, s) 8; 3.91 (1H, dd, J=7.7, 3.5 Hz) 11; 
3.8 (3H, d, J=12.3 Hz) 27; 3.35 (3H, s) 14; 2.64 (1H, ddd, J=13.9, 
6.7, 1.2 Hz), 2.59-2.41 (4H, m) 12, 15; 0.99 (9H, s) 26; 0.15 (6H, 
s) 24. 
13C NMR (100 MHz) δ ppm 174.2; 150.9; 149.5; 144.6; 133.0; 132.9; 
131.3; 123.9; 123.7; 120.9; 119.0; 119.0; 118.8; 110.0; 109.6; 
82.4; 60.0; 57.5; 55.5; 51.9; 41.9; 41.2; 25.7; 18.4; 0.97. 
HRMS (ESI) m/z for C28H38N2O4Si calcd. 495.2674, found 495.2678 [M + 
H]
+. 
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